
UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



UNIVERSITY OF IBADAN

THIS THESIS SUBMITTED BY

..................AP.!;;·a.O'¥..~.,J~m.~s.O'lQ.y..~q~.~ .
WAS ACCEPTED IN PARTIAL FULFILMENT

OF THE REQUIREMENTS FOR THE

DEGREE OF DOCTOR OF PHILOSOPHY
IN THE FACULTY OF scu ..CE

OF THIS UNIVERSITY

THE EFFECTIVE DATE OF THE AWARD IS

......................24.t..h NQ.v.~m.p..~';.~ .1,.Q $,.1,!'!' '.'..'

~~ .
SECRETARY ,

POSTGRADUA TE SCHOOL

10/2/82
............................... _ .

DATE

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



-"'--;,-

NEW CHI=tOMONE ALKALOII)S
FI~OM THE I~OOT -13AI ~K OF

.SCHUMANNIOI>HYTON MAGNI-
FICUM (HAI~MS)

BY

JAMES OLOYEDE ADEBOYE,
B· se. (Hons.)· CHEM. (IBADAN)

SUBMITTED TO THE FACULTY OF SCIENCE
IN PARTIAL FULFILMENT OF THE
REQUIREMENTS FOR THE- DEGRE E OF

I:)OCTOI~ OF I:>HILOSOI=>HY
OF THE

UNIVERSITY OF BADAN

September I 1981

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



Ie O~.N UNIVE,,:ITY 18fiARY-ACe. 3 ~~
No

•

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



5,7-dihydroxy-2-mcthylchromone (noreugenin) 21. was isolc:ted

"

2•
••

A B S T RAe T

The cheMical invcstig2ti~ns of some representative

alkrloids of RubLaceae az e r cvLewed, The total syntheses

of emetine and quinine arc ?lso reviewed whiLe the

biog"'nesis of anthraquinones and biosyntheses of chromones,

nicotinic acid 'and nicotine are outlined. The bronchiodila-

tor activities of Khellin and some chromone derivatives

ar-e compared and a brief review of the pharmacological

actitivies of a few of the Rubiaceous alkaloids is given.

From the methanol extract of the root-bark of

Schumcnniophyton magnifi~um, a well kno\Jm chromone,

in addition to five alkaloids designated SRB2, SRB3,

SRB3" SRB3" and SRB4- The constitutional formulae of

two of these alkaloidS, sch1..lmannificine ('sRB ) 138 and4 -

N-mcthyl schumannificine (SEB3) 147. have been shown to be

np\Vlinear tetracyclic compounds with ring D being piperidine

in nature on the basis of t~p chemical evidence and

spectral analyses.

SR!3
2
has been shown to bo identical in physical and

spectral pr oper-t Los with the :oroduct of dehydrogenation

of .s;.humannificine (SRB4) "'Ihich was named dehydroschuma-

nnificine 142.
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3.

The syrrt hcsd s of (i.'hyd:~osc:llT::.:;.nnifi,.inc ill was

at.t cmpt.ed , This was cone in or dr r ;';0 carrel ate the

s'truc tu rr- t.h at; wa s assi qn cd tv it 1/1.'.::11 the n::tural

a'lk Q] aids, sch mcnnI I'LcLne 12!l and ii-methylachurncnnd.fLcdnc

147, :,ut only the first intprmcdiate, 2,4,6-trihydroxyni-

co+Lnop-»n no 146 Wi'S obtained. It \Ji1S characterised by

it~ spectral properties.

The spcc t rvI prolwrtics of 5Jm3' and SEB3" are

discussed briefly arid since no conoLus.Lv o \·lork has been

done on then they nr e t.orrt at.Lve.Ly assigned structures 148 & 149

respectivl"ly on thp basis of th('ir sp cct r al, daba ,
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1?

I Nt' ROD U C TI 0 N

The genus Schumanniophyton (Rubiaceae) has recently

attracted some attention because of the herbal m~icinal

use of the few species thus far classified under the genus.

Schumanniophyton magnificum (Harms) - family

Rubiaceae, is a plant fou~d and called Aide (Edo) and

Oqwu akanm anu (Ibo) in Bendel state and Eastern part of

Nigeria respectively and also reported in Cameroun. "It is

a small tree of striking appearance with simple stem and

enormous leaves. The fruits are subglobose, grey-green and
1covered ,·lithcorky protuberances". Nigerian species are

reported to be up to 12ft. (3.7m) in height. A decoction of••
the bark is in great repute among some tribes of the Republic

of Cameroun as a remedy for dysentry, and has been found
1effective also in the experience of Europeans. Other tribes

of the Republic of Cameroun use it only as a lotion after
. .. 1c~rcumc~s~on. The plant is well known in the Bendel area

of Nigeria for its use in the treatment of snc.l<:e-bitesand
2to scare snakes away , while in Eastern Nigeria the roots are

used in the treatment of madness.

Rubiaceous plants are widely distributed and with the

number of the genera put at eighty-five in Nigeria3 alone in
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13. "

1964, one could appreciate how huge the family is. Several

genera of the Rubiaceae family have been extensively

investigated. The result of the phytochemical and

pharmacological investigations into the constituents of the
I

various species is the successful isolation and characteri-

sation of quite a great number of alkaloids and other

classes of organic compounds and the establishment of the

pharmacological activities of some of the compounds. A

brief review of these investigations is given below.

TYPES OF EXTRACTIVES FROM RUBIACEAE.

The family Rubiaceae has been found to contain at least

five groups of compounds. These include the alkaloids,

anthraquinones, chromones, terpenoids and the glycosides.

Of these groups of compounds, the alkaloids have attracted

the greatest attention.

Although there is no comprehensive review of the

distribution of the alkaloids in Rubiaceae in recent times,
4rtaffauf, R.F. , in his "Handbook of alkaloids and alkaloid-

containing plants" recognized the occurrence of more than

156 alkaloids belonging to different classes. These had

been isolated and characterised as far back as 1970. The

alkaloids mentioned below are few representatives of the

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



14.

major groups; Emetine. ~, with molecular formula

C29H40N204 (m.p. 74°C), which forms the principal alkaloid

from the roots of Psychotria ipecacuanha, and the related

alkaloids, yohimbine, corynane, corynanetheine, corynoxeine,

mitraphylline, quinine, harman, berberine, caffeine,quinamine,

cinchonnmine, theobromine and a few others. In recent times,

three different categories of alkaloidS were isolated from
5Nauclea diderrichii by Hclean, S. et. ale , namely:

f)-carboline, simple pyridines and i!1dole-pyridine alkaloidS.

A new pyridine derivative and two new piperidine-2-one

alkaloids isolated from Schumanniophyton problematicurn were
6reported by Schlittler, E. et ale

A brief account of the chemical investigation,

distribution and synthesis of

(i) pyridine and lndole alkaloidS

(ii) oxindole alkaloids,

(iii) pentacyclic indole bases,

(iv) corynane and heteroyohimbane alkaloids

(v) piperidine-2-one alkaloids is given in this

:i_ntroduction. The total synt he s o s of ~raeti1;.eand quinine
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are discussed in detail becaus e of r:l2nyintp.resting chemical

reactions involved and the complexities of the molecules.

The biogEnesis of anthraquinones, biosyntheses of chromones,

nicotinic acid and nicotine are outlined. The distribution

of terpenes and the terpenoids is included as a highlight

on the v ar Lous groups found in Rubi.acoous plants. Finally,

the bronchiodilator activities of Khellin and some

chromone derivatives are compared while a brief account

of the pharmacologicul activities of a fevi of the alkaloids

is given.

. ..•
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16.

I. PYRIDINE AND IrrOOLE ,\LKi>LOIDS.

The pyridine aikaloids here refer to the simple pyridines

and pyridine derivatives whil e the Lndo l, e alkaloid s ernb race

the simple ~carbolines and indole-pyridines. These t•...JO related

groups of compounds occur only in a few species of Rubiaceae,

so the distribution is limited.

Simple pyridine ~(a-d), simple p-carboline ~ (a-c)

and indole-pyridine alkaloids 3 and 4 had been isolated from

the bark of Nauclea diderrichii by Mclean, S. et. alS• There

were earlier reports of the isolotion of simple pyridine alkaloids
7from Rauv.Jolfaverticulilata (Lour) nail of Hong Kong and

Alstonia venenata R.Br8• The tvJO species belong to the f amdl.y

Apocynaceae, so, the isolation of simple pyridines from

~. diderrichii appeared to be the first report from Rubiaceous

pLan t s, The co-existence of both the pyridine, ~carboline

and indol e-pyrid~ne alkaloids is of potential b Loq enet.Lc

\
signifif aric e,

,
( a) R -= CH3CHOH

(b) R ::CH3CHOMe ( u) R1 0:: CH • R 2 :: H3'
(d R CH3CHNII2 (b) R1 CO He" 2= R = H2 '
Cd) R CH2 ::CH (d 1 ?

= R- CH3 ; n- =: CO')Me-,
(e) R

1 '-= CH3CC (d) n- = CC till • R = H~-'·2'
(f) R ::: COCI
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or artifacts produced by reaction of a'precursor with

ammonia used during isolation has been raised9, because

C~CH3

3 4

The question of whet.he r pyridines are true alkaloids

earlier procedures did employ ammonia in the extraction

and chromatography steps. Doubt on this was removed when

the same pyridine was obtained as in the former procedure,

in a control isolation where ammonia was carefully avoided

at every stage.

A new pyridine derivative, schumanniophytine ~ was
6isolated from the root-bark of Schumanniophyton problematicum.UNIV

ERIS
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OH--o

5

ISOL ..\TION AND CHJ\RACTSRISJ\.TION.

The ~ethod of isolation is not the same in the two

cases, but mEthanol extracts of the bark of N. diderrichii

and root-bark of S. problematicum gave the above alkaloids.

The polarity of the methanol used in the latter extraction

was increased by the addition of 2% aCf'tic acid.

In the extraction of the bark of N. diderrichii, the

methanol extract obtained by soaking the coarsely ground dry
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19.

bark in methanol for 24 hours was concentrated, acidified

with 5% HCl, and extracted with chloroform10• The aqueous

phase wa s b asLfLed with 10% ammonia and extracted with

chloroform. The chloroform extract was washed with water,

concentrated, and thoroughly extracted with 5% HCl. The

extract was basified with 5% ammonia and thoroughly

extracted with chloroform. The final chloroform extract,

after it had been washed with water, cuncentrated, provided

the "total bases" as a brown syrup which were separated on

a preparative thin layer chromatography using silica gel

plates.

In the case of the pyridine derivative alkaloid i,
the dried root-bark of S. problematicum6 was extracted with

met hz.no t containing 2% acetic acid. The solubl e material

was dissolved in 1ittl f' methylene chloride and on standing
oat 5-10 C for a few days gave a crystalline mixture which

was chromatographed on silica gel to give the alkaloid 1

and other alkaloidS.

SIHPLE PYRIDINES

The four simple pyridine alkaloidS 1C a-d) were assigned

structures on the basis of their spectroscopic properties
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20.

and confirmed by synthesis. In each case the molecular

for~ula was determined from the mass spectrum; the parent

ion of 1c was not observed but its formula was determined

b:t"accurate mass measurement of fragment ions (M-1 and f.1-15);0

The IR spectrum of each alkaloid showed a peak at

1750cm-1 (with a shoulder at 1745cm-1). The NMR spectrum

showed a methyl singlet at &4.0, indicative of the carbome-

thoxy function assigned to the alkaloid. The IR and mm

spectra also provided the evidence that led to the recogni-

tion of the structure of the side chain characteristic of

each alkaloid and the m1R sp ect rum assoc Lat ed 1!liththe protons

of 2. ';yridine ring of an A~ pattern with JAB'cO and

JAX ~ J
BX

~ 2~z allowed the substitution pattern of the
10ring to be assigned properly.

SIMPLE S-CARBOLINES

The identities of the four alkaloids 1 (a-d) were

,:,;::~:Lly established since they were related to a compound

0" novrn structure that is, harman 2a. They were confirmed

by synthesis and compared ~vith harman 2a. The three

~-carbolinps 2(a-c) had been described previously by
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11Achenbach, H. et al. From one extraction, which employed

ammonia 1£ was isolated; this was also obtained by the

reaction of synthetic 2b with ammonia and was therefore

probably an artifact.

A few features of the mass spectra of these 6-carbolines

'II b ti . t h . t·' 1 12wa e men cried saric e hey ave some daaqno s l.C va ue .•

The base peak at M-58 in the mass spectrum of ~ did not

correspond to an ion in the normal fragmentation patt~rn

of an ester of an aromatic acid13 and waS best accounted

for on the basis of a process such as shown in structure ~.

o

-'H20.... m/e 196N
I
H Me

m/e 226
6

I-co
m/e 16iUNIV

ERIS
TY
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Evidence supporting this proposal came from accurate

mass measurement and metastable ion. A corresponding

fragmentation VIas expected for 2b and the H-58 peak was,

indeed prominent; however, the base peak was at M-60 and

apparently arose from a process involving the indole

nitrogen as could be seen in Scheme 1. This scheme was

su~ported by accurate mass measurement and metastable ions.

-MeOH

c
III
0+

me194i_co
m/e 166

rrv e 226

Scheme 1
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INDOLE-PYRIDINES.

The indol e-pyridine (naucl c,dine) 1. will be treated

as a typicul example of the class since its structure

has been established \vith certainty. The structure of

1. was deduced from the spectroscopic results

and confirmed by synthesis. The formula C18H15N302 was

derived from its mass spectrum 14 \..rhich showed strong parent

ion, at mle 305 and' apart from a strong H-1 peak, fragment

included a prominent peak at 328nm which showed' a marked

ions of low relative intensity~ The complex UV. spectrum band

bathochromic and hyperchromic change in the presence of

-1The IR spectrum showed the sharp peak at 3350cmacid.

characteristic of an unassociated indolic NH group and

carbonyl absorption near 17S0cm-1 which resembled that

ascribed to the methyl ester functions of the pyridine
alkaloid1-°

The characteristic signals of the aromatic protons

of an indole appeared in the NMR spectrum between 57.0

and 57.8, and the signals associated with a 3,S-disubstituted

pyridine
10

appeared at 58.27, 9.15 and 9.19. The O-methyl

signal was at 53.96 and the remaining four protons produced
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a symme-trical pattern of two-proton multiplets (lltripletstf)14

at 63.0 and 4.10 whd ch resembled the pattern produced by

the corresponding methylene group of oxogambirtannine15

PYRIDINE DERIVATIVE ALKALOID

The pyridine deri~ative alkaloid 5 was identified from

its spectra and tI:ose of its derivatives,

(a) methiodide

and (b) O-acetylderivative

The results of degradative experiments further supported

the structure 5.

Oxidation of 5 with concentrated HN03
16 gave

cinchomcronic acid 2, while treatment with
17strong alkali gave 4,6-dihydroxy-benzo-(1' ,2'-2,3)-

pyr~no (5,4-C)-pyridine-9-one, !

OH

7-

OH
eOOH&COOH
N

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



by comparisons of natural and synthetic materials. The

synthetic route (Scheme 2)10 required the preparation of

25.

SnrL'HESIS OF SIHPLE PYRIDINES

The structures of .1 (a-d) were finally established

Reduction by zinc

the key intermediate, 3-acetyl-5-carbomethoxypyridinc 9.

The most successful route to 2. started with nicotinic acid

whLch was converted through the hydrochloride of its

acid chloride to 5-bromonicotinic acid; this, after

esterification, was converted to the corresponding mcthyl-

k t b Cl . t· 18e one y a~sen condensa ~on. The ketone was then

protected as the ethylene ketal, the pyridyl lithium

compound was formed, and this was converted to 1by

carbonation and esterification.

Sodium boronhydride reduced 2. to 1~ The synthetic

alcohol 1C1 was converted by methanolysis of its mesylate

to the methyl ether lQ. The dehydr~tion of 19 to 1d was

successfully accomplished by treatment with phosphorus

t °d 19 1 1 .pen OXl e or p-to uenesu phon~c acid.

and acetic acid of the oxime of 9 formed tc.
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1

l
//0 H3C OHC' <, /"/trC02Me CH '(j(co MHC I /"" ·2

e

3:--'" • ~. N N

9 10

Scheme 2

,
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..
-,

SYNTHESIS OF SIftlPLE 8-CARBOLINES

Harman 2a is readily available; 2b and 1£ were
. 20 21synthes~zed by established method.' dl-TryptoPhan 10

was condensed with acetaldehyde, and 1,2, 3,4-tetrahYdroharman-

~-carboxylic acid 11 so formed was converted directly

to harman 12 by dehydrogenation and decarboxylation with

aqueous potassium dichromate. Harman 12 was oxidized

to ~-carboline-1-carboxylic acid 1i by condensing it with

benzaldehYde22 and the resulting product 13 was oxidized

to 1i with potassium pcrmanganate. Esterification of 14

gave 2b. \Vhen 1, 2,3,4-tetrahydroharman--3-cC\rboxylic acid 11

was not decarboxyl ated but dehydro<,;enetcd and esterified, 2c

w as obtained. The synthetic procedure is r-epreserrt cd in scheme 3.

1
1-'•
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COOH
CH3CHO•

/

10

13

eOOH
14

Scheme 3

"

11-
CH3

(j) (OJ
(ii) -C02

12

2b
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29.

SYNTHESIS OF INDOLE-PYRIDINE (Naucledine)

The synthesis of indole-pyridine (naucledine) 1
was effected by the reaction of the acid chloride of

5-carbomethoxy-3-pyridinecarboxylic acid (available from

the synthetic work of the simple pyridine alkaloids) with

t t . 14ryp amarie , The amide.12., so formed was cyclized to

naucledine 3 by treatment with phosphorous oxychlorid e. This

i~; represented in Scheme 4.
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~(L
(,01: COOH

'(J(
N

I
H

Tryptamine
Pyridine
Reflux

/NH
IO:CyCOOHH s-: I

~

COOH'
15

Scheme 4
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II. OXINDOLE ALKALOIDS

Uncari. and Mitragynl species of the family Rubiaceae

have been a source of oxindole alkaloids having the general

formula 2&. The alkaloids of this group have been obtained

as interconvertible pairs of stereisomers for example
23mitraphylline and isomitraphylline ,uncarine A and

23 24uncarine B ; pteropodine and isopteropodine • Equllibra-

tion of anyone $tereoisomer by heating in pyridine or

acetic acid gave a mixture of the two isomers. John·, S.R.

25et al reported two oxindole alkaloids, uncarine C .1Z and

uncarine D .1§. isolated from both Uncaria bernaysii (F.V. Muell)

and Uncaria ferrea (D.C.> which were a further pair of

interconvertible stereisomers of lie

2= H, R ••CH
2 3::CH ; R =H

3 2 } Stereoisomers::CH ; R =H
3

- H; R22: CH3 (Ste~jsomer of&)

16'-'

18--'
19;
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20 21

26Beckett, A.H. et ale reported the isolation of two

oxindole alkaloids designated speciofoline .~ and

"stipul2.tine" (rotundifoline), an isomer of 1£ from the

leaves of Mitragyna speciosa. A number of alkaloids wer e

isolated fro~ rthylacetate extracts of the leaves of

Ml.tragyna javanica and Nitragyna hirsuta;O The extracts of

~. javanica yielded ajmalicine, mitraphylline 19, isomitraphy-

lline, and vineridine 11. The extracts of M. hirsuta yielded

similar oxindole alkaloids.

HO

MeOo
OCH3

H
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CHARACTERIZATION AND STEREOCHEMISTRY.

Uncarine C 17 and uncarine D 18 were both shown by

e1em~mtal analyses and their mass spectra to have the formul a,

were characterised as oxindoles by their

t i t· 25spec roscop c proper ~es. The IR sl.owec absorptions, Vmax
-1 -1at 1705crn (CH30CO-) and 1627crn (carbonyl), while the

UV spectrum absorbed at 245nm. The NHR specbra of five of

the compounds are shown in table 1.

TABLE 1.

Nf-1R Spectra (60j}1c/s) in CDC13 solution25

Compound Hitraphylline Isomitra:- Uncarine B Uncarine D Uncarine C
phylline

C14 -or 51.11 (JHe,H 1.13 (6.3 1.29(6.1) L22(6.5) 1.35 (6.5)
3

6.4)
C -H ~"e~4(JII H2•5) 4.39 (2.1\, 3.76 (2.9, 4.15 (1.5,14 , 4.35 (1.2,

(JCH H 6.4) 6.3) 6.1) 6.5) 6.5)3'

C;H3O.CO 53.57 3.54 4.5 3.32 3.55

= C-H 57.39 7.33 7.40 7.31 7.41
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Convincing evidence for the close relationship of

ul1CClrineC and uncarine D to eaC"h other and to mitraphy-

lline 19 was obtained27 from the mass spectru of the three

alkaloids which showed a common fragmentation pattern and

only minor diffp-rences in relative peak intensities.

Comparison of the properties of uncurine C and

uncarine D with those of the other known pairs of

stereoisomers of 1.§. showed marked similarities, but the~e were,

however, signif:i.-cantdifferences. Equilibration in refluxing

pyridine led to the formation of almost 100~{, of uncarine C; while

equ.i.Lf.brat.Lon . in acctLc acid afforded a mixture consisting

of 5O;~ of each stereoiso~er. Mitraphylline.12. and isomitra-
. 28 29phylline have been asst qn ed ' the structure with rings

DE ~.E.!! and the C14-H trans \lith respect to the C13-II.
28 29Uncarine ~ and uncarine B were considered ' to have

ri:1gs DE ili and the C14-H cis with respect to C13-H.

Equilibration of the interconvertibl e isomers wa s

considered to occur by cleavage und reformation of the C19
<1to C bond;3 Such a process could result in inversion in

configuration at C C) and/or C3• Because of the bulk of the
L

<J1:0UP at C19' \venkert' I:t ill.31 have proposed that isomerisation
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occured with inversion of configuration at C3 and retention

at C19' the C19-H assuming the axial conformation with

respect to ring D. Uncarine C was considered to have the

DE ring junction cis and C14-H and C13-H trans diaxial

(partial structure 11). A study of molecular mOdels

incicated that equilibration of 11 involving epimerisation

at C3 produced no marked steric interaction between the

C3-spiro group and the nitrogen atom between C11 and C13
which could produce a change in the conformation of ring D.

.Iowcv ar ,if inversion at C19 were involved in the conversion

of 22 to uncarine D, the less stable structure ill was

produced with the bulky substituent having an axial

conformation. The DE ~ ring junction would allow inversion

of ring D to produce the more stable structure 11£ (C19-H axial)&

Such an inversion of ring D changes the conformation at C14

and C13 where the hydrogen atoms now have a tra~

dieauatorial arrangement which is in accord25 with the coupling

evidence.

constant for uncarine D. Structures 11 and ~ for uncarine

C und uncarine D respectively are in accord with other
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--

Me
\,

230-
Me
I
• \

,, --Me

22
DE CIS; 14H~13H

trans diaxial 23b-
DE CIS i 14H ; 13H trans

diequatorial
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yell,)w-green fluorescence. The mixture was immediately

III. PE~ITACYCLIC INDOLE BASES.

The two kinds of alkaloids that will be discussed here

are the <;:;<1Llhirtanninesand yohimbines. The gambirtannines

'12.vethe some: skel, eton with the yohimbines, but ring E of

-the gill:lbirtannLnc s are aromatized and ring D might even

contain the oxo group as in the case of oxogambirtannine.

Gambir (or Gambier) is a tanning material produced by

evaporation of the aqueous extract of leaves and stems of

the Rubiaceae Uncaria gambier (Roxb.); a tree growing in

South-East Asia:5

ISOLATION AND CHARACTERISATION.

Extraction of the tannin with 30>!o sodium hydroxide and

ether gave a crude basic fraction exhibiting a strong

purified because it was light-and air-sensitive. Rapid

chromutography through neutr.al alumina afforded four

comcound s , C:;:1. Jirto.nnine ~, dihydrogambirtannine 11,
oxog.::mlbirtanninel.§. and neo-oxygambirtannine]2. The

structures of the compounds were characterised from their

spectral properties and chemical reactions.

"
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Gambirtannine li, decomposed, even in the solid state, on

_stcmding in the air, giving rise to a small ar.ount of

(€ = 10500, 10840, 12800, 22400) in 95% EtOH and 250(sh)·

oxogambirtannine 1&-. A solution of gambirt annine 24 in

many solvents rapidly gave a mixture, from which, 11, 1&
and 27 could be recovered. It was noted that 27 did not

appear in the crude extract, and thus it was an antifact.

Gambirtannine 24 (C21H18N202) \'Ji'lS optically inactive.

The UV spectrum sho;"'ed max at 266 (sh), 314, 340, 4"10nm

and 358nm in acidified EtOH (e • 11300,. 23000); whereas the

IR spectrum (KBr) showed bands at 3340cm-1(NH), 1710cm-
1

(conjugated ester), 1590 - 1620cm-1 (C=C and aromatic) and

715 _ 835c·m-1 (aromC'.tic). The NNRin CDC13showed the

follO\l'ing signals: 53.10 CLCH2-CH2-N~) 5~.89 (-OCH3),

58.55 (one indole NH), .~4.19 (2H, s , -N-CH2- aryl>.

Oxogur.lbirtannire l§. (C21H16N203)' has no optical

activity and has UV max at 256, 300, 346(sh), 368, 385mW

( € :: 13410,1.5300, 17200, 25900, 23650) in 95% EtOH. The IR
-1

spectrum showed a complex absorption near 3340cm, agnin

-1
the conjugated ester band at 1720cm ,a strong peak at

1650cm-1 (amide CO) and unsaturation bandS at 1580-1620cm:
1
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NHR spectrum in CDCl
3

has the following signals; 63.08 and

&4.49 ("-CH
2
(6)-CH

2
(S)-N<) , 63.82 (3H, s , OMe) 69.13 (-M-O,

57.99 (1H, s), 68.30 and 8.66 (aromatic protons).

Selenium dehydrogenation of gambirtannine 1i gave a

miAkure of products; a strongly yellow fluorescent compound,

depydroketoyobirinc ~ in low yield and nordehydroketoyobirine

12., Hhich was al so th ria i,n :ll.."oduct of the sel cni.um dehydro-

oenzrt i.on of Oxoc(lnbjr t rnn Lnc 1.§.. The formation of both

compounds in the selenium dehydrogenation of gambirtannine 1.i

Vl:lS easily explained by assuming that the ready conversion

of 1i to 1.§. could have occured in part before oehy-f.roqenat.Lon•

•

28 .-'
29

R = CH3

R = H
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Hydrolysis of oxogarn;,irti)nnine 1,§" gave the acid 1.Q..

Pyr oLy sLs of the acid, J.Q., gave a blue fluorescent compound,

norkctoyobirine 11-

26 31

30 ,
31

R = eOOH
R = H
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J

I

The formation of 28 from 11 during selenium dehydrogenation

t ; 1 f t h· b· . t· 32implied rearrangement yp_.ca 0 he yo JJn ane der~va av e ,

whez eas the dehydrogem1tion of 26 which already has an amide

thoxy group.

Dihydrogambirtannine l2. (C21H20N202~' m.p. 163
0

gave a

yellO\'l-brol;m fluorescence in UV light and showed a typical

CO, at C-21, proceeded only through the loss of the carbome-

uneub st Lt.u t ed indole chromophore (>. 225, 283, 29o.nm, e =: 60900,
max

. -1
12750, 11500 in 95% EtOH). The IR exhibited bands at 334~cm

(indol c mn 1705cm-1 (unsaturatpd ester) ; nd those charucteristic

of ar-ornat Lc absorptj()fl. ';',1' :n:R spectrum (~r: CDCl1) appear-ed

nt 56.7 - 7.6 (in"l:t·".l:,\·'··LL'vaLu e of 6H.) as in compound 11,

7••84 c iu, t), 8.10 (inclo 1(' :n). Th( c:"'!'1plex :lb ~.orption at,

uvp or field measured on integration. 12H. It Lnc Lud ed the

In the mass spnctn_ n of compound ~, v/hich is shown in

53.86 (ONe), the ABXY type pattern of ;:.n-c l( 3)-CH?(14) -aryl
c,

and 2 protons at C-?l.

S .1lelY'\c5, '- fr<1gment ion peak Gt mle 144 is characteristic

~or the alkaloids -of this type. A rctro Dicls-Alctcr reaction

in ~:-ing D gave f r aqrnerrt 'f':l/e 162.

Catalytic hydrogenation of gambi:ct<mnine 24 gave a

corrcs!"'o:'1r1ing compound which has its UV, IR, tlMR<:nd mass sp cc t r-a
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"

++
••

Me~c
m/e 332

25

I"rk 162

a-

b

1
•

Me~C
25 c- -
!

~CH-Me

~d
H m/e 144

Me02C
d-

m/e 169 H
Scheme 5
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44. •

completely identical with the spectra of~. This further

confirmed the structure of compound ~ to be dihydrogam-

bi_"tannine.

Neo-oxygambirta.nnine 12. which Has app arentLy an oxidation

product of 24 showed a strongly enhanced polarity on t.l.c.

plate. It Was an isomer of ~, with the same molecular

fornula, C21H16N203. The structure was based on the spectral

data and che~ical reactions.
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SYNTHESIS OF YOHIMBINE

The total synthesis of yohimbine 1£ will be discUssed

as a representative of the pentacyclic indole bases.-Although ring E of yohimbine 1£ is not aromatized, the

synthesis is of great importance in the structure proofs

of some other related complex natural products.

H.....
Me02C" ,

T
OH

12-
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6 33Cis-6 - Octalin-1,4-dione, prepared by zinc-acetic

'acid redUction of quinonebutadiene adduct, was converted by

the Darzens reaction using chloroacetate and pot assium t-butoxide,

to the glycidic ester (33, R = C2HS) b.p. 135-155 (O.lmm).

Saponification afforded a diastereoi~omeric mixture of glycidic

acids (11; R = H), which on heating, decarboxylated to give
othe unsaturated ketoaldehyde (11; R = H), b.p. 107-109 (O.Olmm).

Alkaline silver oxide converted the aldehyde to the acid
o(11; R c OH), m.p. 145-146 C.

j

COR

o
33 34

r
COR COR

I
I

HO HO
HO

35 36-
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47. "

Treatment of the keto acid (j!,R ~ OH) with ox~yl

chloride yielded the corresponding acid chloride, which,

without isolation, was used to acylate tryptamine, giving

the amide (34; R - e-ind-CH2CH2NH), m.p. 161-162. Hydroxy-
lation with osmium tetroxide provided the keto diol

o(35; R -, e-ind-CH2CH2NH), ms p , 213-214 ; which on

platinum-catalyZed hydrogenation, yielded the triol (~;

R = e - ind-CH2CH2NH), m.p. 227-228oC. Glycol cleavage of

the triol to the aldehyde (not isolated), followed by

cyclization to the hexacyclic lactol lactam (11; R-H),
om.p. 218-220 C. decomp.), was achieved by periodate oxidation

followed by brief heating with dilute phosphoric acid.

RO ~-O

37 38-
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48.

Acid-catalyzed methanolysis to the lactol ether
olactam (11; R • CH3>, m.p. 268-270 C, preceeded lithium

aluminium hydride reduction, which gave the lactol ether

base (380 R D CH3), m.p. 133 - 13;PC.-'
The acetic acid salt of the o-acetate (38; R a CH3CO),

on brief heating 'at 280-290oC (in vacuo), afforded a

sublimate, the acetate salt of the enol ether~. Osmium

tetroxide hydroxylation gave the expected diol !Q, which

was cleaved, on treatment with metaperiodate, to the o-formate

of dl-pseudoyohimbaldehyde. Chromic acid oxidation of the

aldehyde, carried out in methanol-acetone in the presence of

sulphuric acid gave rise to dl-pseudoyohimbine~. The

pseudoyohimbine was epimerized to yohimbine 1£-

39'--- 40

HO,S]
HOLl

41-
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49.

CORYNANE AND HETEROYOHIMBANE ALKALOIDS.

These two types of alkaloids are indole bases and the

differences lie in the absence of ring E in the Corynane

alkaloids and in the nature of the substituents. The

heteroyohimbane alkaloids have structures similar to that

of yohimbine 32 cxc opt; for the ;1 etero oxygen atom present

in ring E of heteroyohimbane alkaloids.

Antirhine ~, the major base isolated from the

l~aves of Antirhea putaminosa (F.V. Muell) Bair (Rubiaceae)34
Imay ba regarded as the parent member of the small group of

i.ndol <_ eLk al.o Lds which possess a 15 A-hydrogen. The extracts
30of Hitragyna hirsuta yielded hirsutine 4.3

H.....
14
H I

I

HOCH2~'

43
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50.

HitrajaYine, (heteroyohimbane alkaloid), ~ was isolated from

the ethyl acetate extracts of the leaves of 11itragyna
javanica~O

OMe

Me

CHARACTERISATION OF HIRSUTINE AND MITRAJAVINE

The alkaloids hirsutine 11 and mitrajavine ~ were

shown to be indoles by colour tests, and by ultraviolet,
30infrared and NMR spectra. The physical data, along with

elemental analysis and equivalent weight determinations

indicated the structure of mitrajavine to be ii. The clo ed

ring E was indicated by the presence of a three-proton
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doublet for the C19 Me (60.90) and the C19-H one proton

multiplets at about ~4.40. A cis C3H orientation was
-1indicated by the absence of any trans C-H bands (below 2800cm ,

KCl disc) in the IR spectrum and the presence of a one-proton

multiplet in the NMR spectrum at 64.45. The aromatic

splitting pattern of mitrajavine ii (66.53, 1H; 67.09, 2H)

is similar to that of mitragynine .11 (66.48, 1H;66.92, 2H)

showing that the aromatic methoxy group (63.90) is in the

9-position.

OMe

.•.
1
I
I
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The physical data, along with elemental analysis

~d equivalent weight determinations indicated the

<•••tructurc of hirsutine to be of the corynantheidine type

13. he methyl of the ethyl group was indicated by

the three-proton tripl ets at 50.79 in the NMR spectrum. The

ester and.methoxy groups appeared at 63.71 and 63.78. A

cis C3H was demonstrated by the absence of trans C-H
\ -1bands (below 2800cm ,KCl disc) in the infrared spectrum

and a one-proton cis C3H multiplet in the NMR spectrum at

,64.45. This evidence suggested that hirsutine is an

alkaloid of the corynantheidine type with'C3H cis to the

nitrogen lone pair.

v. PIPERIDINE-2-0NE ALKALOIDS.

Piperidine-2-one alkaloids with structures ~ and 47

were isolated from Schumanniophyton problematicum by

Schlittler, E. et a16• This appeared to be the first report

of this group of alkaloids.

46·_I R = H

R = CH3
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uv). (run) in MeOH.
"max

205 (log e - 4.35), 225(10g e > 4.18), 251 (log C' "" 4.25),

257 (log e - 4.27), 295(10g e > 3.78) and 318 (log e -3.68)

IR (KBr), <em-i), -3370 (NH), 3300,..,2400(-OH)

53.

CHARACTERISATION

The structures of compounds ~ and i2 were proposed

from their spectral properties and by comparison with the

spectra of 5,7-dihydroxy-2-methylchromone. Compound~,
om.p. 303-3 C (recryst. from EtOH) , has from the mass spectrum,

+M 289; gave on methylation with diazomethane, the
omonoether, C16H17N~5' m.p. 262-3 C. Only the 7-hydroxyl

was methylated leaving the hydrogen-bonded hydroxyl group

at 5-positlon unchanged. The spectral data for compound 46

are shown below.

1670 (~=O, V - pyranone ring and sec. amide),

1625 (>c-C<) t 1600 (aromatic, ::£;=C<).

'H-NMR 6'(ppm) (d6-DMSO).

1.6-3.8 (7 aliph. H), ?38 (allyl CH3), 6.16 (vinyl H),

6.3 (arom. H), 7.53 (NH), 10.88 (7-0H),

12.9 (S-OH).
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MS. m/e (reI. ab , %), M+ 289 (88), 272 (79),

245 (64) , 244 (43) , 231(40), 229(22),

219 (26) , 218 (41), 217 (26), 216 (41),

205 (100-base peak), 193 (24), 192 (41), 189 (21).

Compound ,i!, 0 EtOH/Benzene)m.p. 309-313 C (recry. from

has from the mass + 303 and occured in minutespectrum M

amount. It has the following spectra data.

UV) (nm) 1n MeOH.
"max

205 (log e - 4.35), 225 Clog e - 4.16), 251 (log c - 4.22)

257 Clog e •••4.23), 295 (log f:'" 3.77), 318 (log e - 3.66)
-1IR (KBr), cm ), 3400-2400 (OH), 2950 (N-CH3)

1670 (>c-O, y - pyranone ring and tert. amide)

1620 (>C-C<), 1600 (aromatic, >C-C<)

MS. m/e (reI. ab , %). M+ 303 (57) , 272(13),

245 (19) , 244 (10) , 231 (19), 218 (24) ,

217 (14), 216 (17) , 205 (100- base peak),

193 (16), 192 (43).

There were no degradative and synthetic works reported
for both compounds.

'H-NMR (6ppm) (d6-DMSO).

1.6-3.8, (aliph. H), 2.36 (allyl. CH3), 2.84 (N-CH3),

6.14(vinyl H), 6.26 (arom. H), 10.89 (7-0H),

12.9 (5 - OH).
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55.

VI. SYNTHESIS OF EMETINE AND QUININE.

a. EMETINE

There has been' much interest in the synthesis of
. 35-36emet~ne , and all routes used yielded mixture of

stereoisomers. t4ith the stereochemistry of emetine ~~
37known, a controlled synthesis waS reported.
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The readily prepared oxopiperidone ~ was reduced

catalytically or by boronhydride to the mixture of epimeric

alcohols 1£. Acetylation of the mixture followed by

elimination of acetic acid over hot sodium acetate yielded

the 5,6-dihydropyridone St. Michael addition of diethylma-

51

lonate anion to compound 11 occured with steric control, since

\ . the product [52; R'aCH(C02Et)2}' by hydrolysis and decarboxy-

lation yielded OVer 76% of the desired trans acid (1£, R·aCH2.

COOH), m.p. 153-153.50C.

o
Et~

lNkO
I

R

49

Et

I
R

50

Et~

N 0,
R

R'
EtAH

H; ~t •• ~
N 0
I
R
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This, as i.ts ethyl ester, was cyclised by phosphorus

oxychlorice to compound 11 isolated as the perchlorate,
om.p. 113-114 C, which on catalytic hydrogenation gave 9~~

oof the base, 54, m.p. 66-66.5 C. This base has its three

asymmetric centres ori.entated as in emetine. The amino

acid derived from compound 2!, was converted into its
ohomoveratrylamide 21, mp. 146.5 - 147.5 C, using the mixed

anhydride method.

CH2COOEt CH2COOEt
Et H Et ' H.

H'"
CH3 OCH3

OCH3

53 54

CH2CONHR
Et I H

55
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Phosphorus oxychloride cyclised compound 21 to

-yield DL-O-methylpsychotrine,as i§" but with double bond

between C1 and N, which was resolved as its dibenzoyl

tartarate. Catalytic reduction of the resultant, (+) -0-

methylpsychotrine, m.p. 122.5 - 123.5, yielded (-) - emetine,

isolated as its hydrobromide and further characterised as
oits N-benzoyl derivatives, m.p. 183.5 - 184.5 c.

b. QUININE.

The pure crystalline quinine was isolated in 1820 and

the extensive degradative researches of the last century

culminated in the proposal of the correct structure in 1908,

but the complexity of the molecule has placed some serious

difficulties in the way of the total synthesis of

quinine.

The synthetic investigations which were undertaken
38shortly after the turn of the century culminated in the

total synthesis of dihYdroquinine in 1931 and that of

quinine 2.2. in 1944. The first great advance was made when

it was shown that the cinchona bases could be prepared by

partial synthesis from the toxines, which contain two fewer

asymmetric centres than the alkaloids themselves. This
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discovery focussed attention on the development of methods

aCH=CH2
CH (OH) - N R COOH

for the synthesis of quinoline 4-ketones from components

repre~enting the quinoline and quinu~lidine portions of the

alkaloid molecules. The synthesis of substances useful

in the introduction of the quinoline moiety was accomplished

during the early phases of the synthetic studies. The

developments along these lines set the stage for the final

solutions of the synthetic problem, wh.Lch were achieved with

the elaboration of methods for the synthesis of suitable'

components for the incorporation of the quinuclidine residUe.

The starting point for all the syntheses of the cinchona

bases and related substances was the quinoline portion of the

r.101 r-cu Lc , represented by tinchoninic acid (57; R-H) or

quininic acid (57; R a OCH3)

56 Cinchoninic acid, 57; R= H
Quininic acid, 57 i R:: OCH3
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Cinchoninic acid has been obtained from isatin and
. 38acetaldoxine ; by decarboxylation of quinoline-2,4-

dicarboxylic acid obtained by condensation of isatinic
. 38-40acid and pyruvic acid) and by oxidation of lep~dine.

There are many other interesting synthetic methods that

lead to the quinoline portion that are not mentioned here.

The synthetic investigations related to the quinuclidine

~ moiety had as their first objectives the synthesis of

simple quinuclidine derivatives and,degradation products

from the alkaloids.
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.
38In 1904, Koenings showed that e-collidine 22" which

was at that time available only from the degradation of

cincholine could be condensed with formaldehyde to give

3-ethyl-4-(e-hydroxyethyl)-pyridine ~, which on reduction

with sodium and alcohol yielded the corresponding hexahydro

derivative g. The latter substance was converted by

treatment with hydroiodic acid and phosphorus into an iodo

compound ~, which was stable only as its salt, and which

was transformed into the hydroiodide of 3-ethylquinucl~dine

§1 on standing in ether solution.

CH2CH20H CH2 CH2 I

(J2
H

5(yC2H56C2H5
N NN II H

H

62 63
61..

I
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62. .,

A further synthesis of quinuclidine was devised by
41 42Clemo and Metcalfe ' ,who decarboxylated 2,4-lutidinic

acid ~ obtained by oxidation of 2,4-lutidine and reduced

ethylpiperidine-4- carboxylate !it which was condensed with

the resulting pyridine-4-carboxylic acid ~ with sodium

and alcohol. Esterification of the product afforded

ethyl chloroacetate to give ethylpiperidine-1-acetate-4-

carboxylate~. Dieckmann cyclisation followed by

decarboxylation yielded 3-ketoquinuclidine~, which on

reduction by \'Jolff-Kishneror Clemmenson methods gave

quinuclidine. These are shown in Scheme 6.
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I'OTAL SYNTHESIS OF QUININE

Through the investigations described above; the

problem of the total synthesis of quinine had been reduced

eaaH
~ -C02

N coos

64

58

63.

68 67

Scheme 6
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acetic acid solution, :J1. absorbed two moles of hydrogen and

64.

to that of the synthesis of homomeroquinene~. This goal
43was reached in 1944.

The starting point of the synthetic work was 7-hydroxy-

isoquinoline 12 which was obtained by condensation of

m-hydroxybenzaldehyde and amino acetal, followed by

cyclisation with sulphuric acid. The carbon atom required

for compl etion of the homomeroquinene skel eton was

introduced by condensation of 1£ with formaldehyde and

piperidine. 7-Hydroxy-8-piperidinomethylisoquinoline 11
was obtained in this way, and was smoothly converted into

7-hydro~1-8-methylisoquinoline 1£ by treatment with methanolic

sodium methoxide at 220oC. On catalytic hydrogenation in

after acetylation with acetic anhydride in methanol furnished

an N-acetyltetrahYdroderivative 11. High nr essure reduction

of 11 over Raney nickel afforded a mixture of stereoisomeric

tJ-acetyl-7-hydr-oxy-8-methyldecahydroiso'quinolines. Direct

oxidation of the crude hydrogenation product yielded a

mixture of ketones 74 and (the trans isomer) from which the

cis form 2! was separated as a crystalline hydrate. Rupture

of the carbocylic ring was brought about by sodium ethoxide and
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ethyl nitrite, and furnished N-acetyl-10-oximinodihydrohomomero-

65.
"

quinene ethyl ester~. The oximino-ester was then

hydrogenated to the corresponding amino-ester ~.

N-Acetyl-10-aminodihydrohomomeroquinene ethyl ester ~

was converted to N-acetyl-10-trimethylammoniumdihydrohomo-

meroquinene ethyl ester iodide 21 by treatment with methyl

iodide and potassium carbonate. with 60% potassium hydroxide

elimination occured according to the Hofmann rule and after

treatment \.,.ithpotassium cyanate, homomeroquinene.§2. was

isolated from the reaction mixture as the N-uramido derivative.

Regeneration of the homomeroquinene was accomp Ld sbed by

hydrolysis with dilute acid, and in this way, cis-dl-homomero-

represented in scheme 7.

quinene was obtained. The whole synthetic procedure is

i
)

~

~NHO HO
70 72-

1
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\\O~NCOCH3
CH3

73,
C~C~C07i_ ...•~ rYC~C~C02Et

CHJCOU
C

/ CH3 . ON~A, CH3C CH- CH3 .
II I .
NOH 76· NH2

175

R

78 i R = H
"/9· R 0_, = CH3

Scheme 7
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Resolution into optically active forms was not

attempted at this point, but the product was converted

into dl-t1-benzoylhor.1omeroquinene ethyl ester and condensed

with ethylquininate in the presence of sodium ethoxide.

The dl-quinotoxine obtained on hydrolysis of the condensation

('Y'CH::CH2

co-l..NJJ

product waS resolved by crystallization of the dibenzoyl-d-

tartarates, and furnished d-quinotoxine, identical in all

respects with the natural material. Quinotoxine 22 was

converted into quinidinone ~ and reduction of the latter

compound with aluminium powder and ethyl alcohol in the

presence of sodium ethoxide afforded a mixture of stereoiso-

meric alcohols from which quinine ~ and quinidine were

isolated.
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I.
r

•.. VII OCCURENCE AND BIOGENESIS OF ANTHRAQUINONES.

(a) OCCURENCE

The anthraquinones, 1-hydroxy-2-methylanthraquinone~,

3-hydroxy-2-methylanthraquinone ~ and quite a number of

others whose biogenetic relationship has been well
44documented ,occur in Rubiaceae. 4-methoxy-l-naphthol

45has been found in Rubiaceous plant. The anthraquinols,

oruwal .§.i, its 5- or 8- hyctroxyderivative oruwalol and
;

10-anthraquinones, have been isolated from the stem of

Morinda lucida (Rubiaceae)!6

RI

R2

81" R ••OH; = CH3; R2 •.•H
-'
g; R '"H ; = CH3• R2 ••OH
83· R ••OH; -= H; R2 = CH •-' 3

r
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86·_ J

87'-I

R= OH· I

R = H .I
R' :: OH
R' :: CH3

69.

(
... (b) BIOGENESIS •

In contrast to the anthraquinones of the emodin ~

type which were considered to arise by suitable folding

and condensation of a polyketide chain derived from eight

acetate units as .§2., about half of those found in higher

plants are substituted in only one benzenoid ring and may be

totally devoid of a carbon side chain or hydroxyl groups,

e.g. ~ and 87 resp~ctively. Majority of these occur

in Rubiaceae sub-famEy (RubLod eae I and to lesser extent·

in the Bignoniaceae and Verbenaceae; tectoquinon~ ~ being
44present in all the three.

OH

o

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



70.

Significantly the anthraquinones present in
. 47 48 V 44 49B~ognoniaceae ' and ertenaceae ' heartwoods are all

accompanied by C1S naphthaquinones notably deoxylapachol ~,

while the Rubiaceous plants contain a number of C1S naphtha-

lenic compounds represented by ~, 2Q and 21.

I
1

o

91

OH
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These findings suggested that ~ was synthesized in

vivo by prenylation of a naphthol precursor followed by

oxidntion and since ~ could also be converted to ~ in
.t 47v~ ro , either by borontrifluoride catalysis or by

irrad~ationt it seemed likely that the substituted (C) ring

in this group of anthraquinones was derived from mevalonate.

This was established49,SO,Sl by feeding Rubia tinctorum

(madder) plants with [2_14C) - mevalonate. Four radioactive
49pigments were isolated , the specific activity of rubiadin

22 and pseudopurpurin ~ being twice that of alizarin

(21.; R = H ). Appropriate degradation of. pseudopurpurin

~ established that the 14carbon was distributed between

the side chain and C1 in ring (C). It seems therefore that

the ring (C) in the Rubiaceous anthraquinones is formed

as shown in Scheme ~ and presumably the same pathway is

followed in the Bignoniaceae and Verbenaceae.

OH
i

~
92 R

Alizarin ( 92 R = H)-
Purpurin (~ R =OH)
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OH

t 0 o

1

OHH00
HO~eOOH

Shikimic acid
~
I

~ OH
""

~I ~
93 HO

e~ /OHre_i~
HO .
OH eOOH

t

/ 87
0 OH :ItH ~ eOOH

~ OH
H

Scheme
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VIII. CHROMONES.

(a) ISOLATION AND CHARACTERISATION.

Chromones rarely occur in Rubiaceous plants. The only

important member of the chromones, which has been reported

to occur in Rubiaceae is 5,7-dihyctroxy-2-methylchromone
"-52(noreuqend.n) 21..Fujita, E. et al isolated noreugenin .21

for the first time from the ethereal extract of the heartwood

of Nauclea orientalis(L.)

00--0

RO

R ':
R ':

o 52Noreugenin 21., C10H804, m.p. 268 C (decomp.), showed

the following spectra data. The IR spectrum suggested the

presence of hydroxyl groups (3400-2600), an a,e-unsaturated
-1carbonyl group (1660 and 1620cm (KBr}). The UV. spectrum
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wes characteristic of chromone series, giving the absorption

maxLma at 227, 249, 256 and 295nm • "In the Ni-1R spectrum

+akcn in d
6

-DNSO, a couple of doublets(Jo;2Hz). appeared at

56.32 and 6.20pprr. whLch wer e as:::igned to tHO protons in

met a. reI ationship on a benzene ring. The hydroxyl proton

signals appeared as singlets at 610.88 and 12.08ppm. The

par anaqnet.Lc shift of the latter was due to a hyjr(\~en bond

h'ith carbonyl which existed near the hydroxyl group. Another

one proton sig:13l on a double bond \'1<108 observed as a quartet

(J :: 0.7Hz) at 56.15ppm whi.Le in the NNRspectrum taken in

pyridine a doublet (J=O.7Hz) assigned to methyl protons on a

double bond appeared at &2.13.

The structure of noreugenin 97 was proved from the

~~ove spectral data and by comparison of the compound and

its monoether (got from diazomethane methylation) with the

synthetic norcugenin and eugenin .2Q. respectively.

(b) BIOSYNTHESIS OF CHROr-10!1ES.

5,7-dihydroxy-2-mcthylchromone (noreugenin) 21. has

been suggested as a precursor in the biosynthesis of Khellin

22" visnagin 100, visnamminol 101 and hamaudo'l 102 and a

f ow other reI at.ed compounds.
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Several biosynthetic schemes have been advanced to

account for the formation of the above-named compounds, but

1 little experimental evidence has been obtained. Geissman and

Hinreiner53 suggested that the chromones were derived from

shikimate and the derivation of some coumarins and chromones

nucleus at least waS acetate-derived in these compounds. They

54from C5 substituted phloroglucinol has also been suggested.

Egger55 obtained incorporation of 14C-acetate into Khel10l in

Eranthis liemalis L. (Ranunculaceae) and showed by chemical

degr dation that both the benzene and pyrone rings were acetate-

derived. He then suggested 5,7-dihydroxy-2-methylchtomone 11
as a precursor and speculated that the furan ring was built

up from a C5-unit; peucenin 1Ql and visnamminol 1£1 being

possible intermediates. Chen, M. et. a156 showed that
1~'C-acetate was well-incorporated into khellin and visnagin in

cell cultures of ~ visnaga and showed that the chromone

also showed that acetate was a precursor of these chromones

in the whole plants.

Evidence has been obtained for many of these postulated

intermediates between acetate and furanochromones through
56tracer experiments. The trace experiments provide a number

"
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of facts;
(a) acetate is a good precursor of furanochromones,

of visnamainol l21 and of 5,7-dihydroxy-2-

methylchromone(noreugenin) 97-
noz euqendn is formed naturally in

~ visnaga;
(c) noreugenin specifically'metabolized to peucellin ~

visnammlnol 101, visnagin 1Q2 and Khellin ~;

(d) Urnbelliferone is not a good precursor of any

of these compounds.

Therefore the biosynthetic scheme 2 was proposed for

the constituents of ~ visnaga. A number of variations

in this pathway appear to occur in other chromone bearing
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Scheme 9

CH3COSCoA
+ ~

4 CH2C05CoA
IC02H

HO

HO

HO
97

Heteropeucenin

103
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Peucenin epoxide

a
Norvisnoqin

/

OMe

100 99

Proposed Biosynthetic Pathway for some furan~•
and Other Chromones
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IX. BIOSYNTHESIS OF NICOTINE AND NICOTINIC ACID.

For reasons of structural analogy and biological

ubiquity, nicotinic acid 1Qi has been regarded as a possible

precusor of the pyridine moiety of the Nicotiana alkaloids;?

In the biosynthesis of nicotine ~ from ni.cotinic acid by

Nicotiana tobacum, the carboxyl group (C-7) of the nicotinic

. d· 1 t58aca as osc , It is therefore reasonable to assume that

the carboxyl group is replaced by the pyrrolidine ring.
59Indeed, in an electronic mechanism proposed by Dawson

for the synthesis of nicotine, and now widely accepted, a

1,6-dihydropyridine intermediate is attacked by an N-methyl-6'-

pyrrolidium cation at position (3), with simultaneous

decarboxylation.

()

COOH
I'"

~
~

~~~ I
N CH3

104 105
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"

The mechanism also explains the labilization of hydrogen

at C-6 of the nicotinic acid, which occurs during the

. . t . ti 60convers~on ~n 0 n~co nee 61Scott, T.A. et. al while

trying to find out whether the attachement of the Fyrrolidine

moiety occurs exclusively at position (3) of nicotinic acid,

synthesized (2,3, 7_14C} nicotinic acid according to scheme

10 and administered the acid to the plants of Nicotiana

tobacum. The tracer experiments favoured the exclusive

attachment of the pyrrolidine moiety a.tposition (3) of

!1icotinic acid •

• I
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< *>k C02 H
~ j-ceticQcid
~NjJ* reflux

t
in the
Nicotiana

plant
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While a lot of biosynthetic work has been done on the

conversion of nicotinic acid to nicotine in Nicotiana plants,

very little is known about the biosynthesis of nicotinic

acid from aspartic acid. Aspartate and formate have been said

to be required for the synthesis of nicotinic acid by cell
62extracts of Clostridium butylicum • In intact cells, C-2,

C-3 and C-7 of nicotinic acid are derived from C-2, C-3 and

C-4 of aspartate. Quinolinat~ is probably an intermediate

in this synthesis62, but no intermediate in the conversion

of aspartate into the pyridine ring has been identified. In
14 'intact cell of £h. butylicUtn; C-formate was incorporated

63 64chiefly into C-6 of nicotinic ac~d. Scott, T.A. et ale

examined the possibility that asp aztate becomes formylated as

a prelude to its incorporation into nicotinic acid. Cell

extracts of £h. butylicum produce several compounds that

are biosynthetically related to nicotinic acid, i.e. NAD,

deamido-NAD, nicotinamide, nicotinic acid mononucleotide,
62nicotinamide-mononucleotide and free nicotinic acid • It

was therefore concluded that partially purified Cl.butylicum

waS able to forrnylate aspartate to give formyl-L-aspartate,

wh i.ch then acted as an intermediate in the synthesis of
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nicotinic acid. This is summarised in Scheme 11.

$COOH
/

*CH
oCHO ,2

-, ~CH
~--- 'COOH
H

o
H- COOH

Loss of C-l from
formyl aspartate.
Introdu ction of C-4
and C5 . of nicoti nic
acidq>

OfCOOH

I Nicotinic acido .......::A 4-------4

Derivatives

~ ' /j, I 0 I * = Specifically labelled C- atom s

Scheme "

:~ Sct. matic representation of the synthesis of nicotinic
acid in extracts of Clostridium butylicum
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According to Ogasawara et al extracts of

Escherichia coli synthesized nicotinic acid from aspartate-
and a three carbon unit. The synth~sis of nicotinic acid

from formyl-L-aspartic acid must involve several stages, the

nature of the subsequent intermediates and the enzymes concerned

in their conversion was unknown. Pyruvate, acetate and

glutamine supported the convers~on of formyl-L-aspartic acid

into nicotinic acid and although the origins of C-5 and C-4

of nicotinic acid are unknown, they must lie in the metabolism

of one or more of the above-named compounds.

For a long time it was considered that alkaloids were

end-products of metabolism. However, it is no\'lbeing realised

that many of them are rapidly metabolized, ·ither to other

alkaloids .or to non-alkaloidal compounds~5

The specific intermediates between nicotinic acid 1£i
and ricinine .12!i are unknown, a reasonable proposed biosynthe-

65tic pat.hway is illustrated in scheme 12.

In the biosynthesis of an alkaloid 122, a reasonable

speculation could be that there was a condensation between

5,7_dihydroxy-2-methylchromone 22. .and the acid 110 formed

from 3_cyano_4_hyctroxypyridine 107.-
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eN(X4
\ 0
Me

l.QQ

+
~CN

~~"N 0,
Me

107

85.

109

p(('CNQ

CN . eNc:n:- --~. tr
~)J x 0 N

\ ,.Me Me

tv4tzO N¢l:C
IMe

10S

Scheme 12

frQposed en zymat ic reactions In Ricinus communis
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x. DISTRIBUTION OF TERPENES AND TERPENOIDS IN RUBIACEAE.

Chemical examination of the petroleum ether extract
66of the leaves of Ixora chinensis gave lupeol 111,

stigmasterol 11£, and betulin 111. Neither sterols nor

triterpenoids could be isolated from the stems, and neither

leaves nor stems yielded triterpene acids or saponins.

HO HQ
111 112

R

HO

113 R=CH20H
114 I R = COOH
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The petroleum ether extracts of the leaves of

Adina Pilulifera67 yielded ~sitosterol 111, stigmasterol

11l and a mixture of saponins, which gave quinovic acid

~ and its acetate 111 on hydrolysis. This is the first

report of the natural occurence of the acetate of quinonic
•acid, which was isolated through its dimethyl ester. The

constituents of the petroleum ether extracts of the sterns
67were icentlcal with those of the leaves but in addition,

•. ..

th saponin mixture from the sterns yielded morolic acid

~, betulinic acid 11! and cincholic acid ~.

HO
115

" 8

RO
1.1§.; R=H
111i R = AC

HO
I,eOOH

119
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The whol e plant of Randia spinosa (Thumb Poir)

known also as mountain pomegranate, was investigated
68

as

it hc s sharp thorns and small leaves "/hich were not easily

separable from the stems. From the light petroleum extract,

e-sitosterol, and stigmasterol were isolated. Further

extraction with ethanol gave a saponin mixture, which on
hydrolysis yielded oleanolic acid, siaresinolic acids,

and spinosic acid A 1lQ.

120

)

HO
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;

XI. COMPARISON OF BRONCHIODILATOR ACTIVITIES OF CHROMONES
vlITH THAT OF KHELL IN

Khellin 99 which a number of pharmaceutical laboratories

in Egypt and in the United States prepare on a commercial

scale and generally dispense in the form of tablets or

injectable solutions forms one of the active principles

of Khallah plant (~ visnaga L.)69. It is known to the

Egyptians to be useful in relieving the pain of renal

colic and ureteral spasms and often to facilitate the passing

of ureteral stones. Following the elucidation of the chemical

structure of Khellin~, additional pharmacological

properties were discovered which led to its chemical

application as a coronary vasodilator in bronchial asthma

and in angina pectoris.

Consequent on the report of the capability of khellin
70 71to effectively reI ax the bronchi ,Willey, P.F. thought

that more readily accessible chromones having bronchiodilator

activity equal to or greater than that of khellin would be

desirable. This was because of the complexity of khellin

12 and difficulty in synthesizing or isolating it from natural

sources.
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1. 6-methoxy o

90.

The tests for bronchiodilator activity were run on an

isolated guinea pig tracheal chain. The activity of the

compound being tested was compared to the activity of

epinephrine. Results are expressed (Table 2) :i.nthe

number of micrograms of epinephrine required to equal the

. activity of one milligram of the compound tested. Very

little correlation of structure with activity was observed.

Those chromones having no 2-methyl substituent showed

negligible activity. The activity of khellin 99 on tn~

same test is also shown for the purposes of comparison.

TABLE 2.

Number Sul)stituent s Activity
y -epinephrine/mg.

6.
7.

7-methoxy
2-methyl-o-methoxy
2-methyl-7-methoxy
2-Bromomethyl-7-methoxy
2-methyl-5,7-dimethoxy
2-methyl-7,B-dimethoxy

2-rnethyl-5,7,8-trimethoxy
Khellin

0.6
4

5

1

<1

3

<3
30

2.
3.
4.
5.
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XII PHARMACOLOGICAL ACTIVITI~S OF SOME SELECTED
ALKALOIDS OF RUBIACEAE

Quinine ~ preparations have been known and used for
43

centuries in the treatment of malaria • The specific

action of emetine ~ against pathogenic amoeba in human

'amoebic dysentry makes it a valuable drug. It was introduced
38by Rogers. L. in 1912 for this purpose, and afterwards in

the treatment of amoebic hepatitis. After a comparative

investigation of the Ipecac alkaloids and some of their
38derivatives, Dale and Dobell concluded that emetine ~

acts through the host rather than on the parasite, that

is, changes in the blood render it amoebicidal. Satisfactory

cultural methods in vitro, which permit pharmacological
. . 72-73. "~nvcst~gations and clin~cal tests have been dev~sed.

Emptine is almost exclusively used as hydrochloride for

h d i . t l' j t" 38ypo errn c or ~n ramuscuar ~n ec ~ons.

There is one example of ~nimdl poisoning which requires

special n~ntion - the doping or illicit medication of

racing animals. By definition, coping is the administration

of a drug to an animal in order to affect its speed, stamina,
74courage, or conduct in a race. Horses are the animals
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~05t frequently subjected to this practice, but greyhounds,

racing pigeons and (possibly) bulls are sometimes doped,

vrhile athletes may dope themselves. Doping usually consists

either of the administration of a stimulant to ~ake an

animal go faster (doping to win) or of a sedative to

make it go more slowly (doping to lose or "nobbling">, but

other procedures such as the use of local anaesthetics to

mask lameness, of tranquilizers to control a highly

spirited animal and of sex hormones for a female in estrus

are also employed. It is as stimulants that alkaloids

most frequently find employment. Possibly, caffeine ~

has been used more frequently than any other drug. It is

cheap, easy to obtain, and reas~nablY effective. A horse

is more alert, gets away to a better start and responds

more quickly to its rider. strychnine has also been used

extensively for this purpose, but its actions seem less

reliable. Both morphine and heroin, which act as stimulants

in the horse, have also been widely used in the past. If

the dose and the timing are both correct a horse doped with

morphine will run far above its normal form. As these

substances are alkaloids, the idea has arisen that any
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alkuloid will do, and so much unlikely compounds as

3tropine, 0~hedrine, yohimbine 1£ and quinine ~ have been

en,ployul. Cocaine has also been used \dth limited success.

~l r0..-~~ tendency how~ver is to use synthetic drugs such

Alkaloids are not used as sedative drugs in the

horse; burbiturates or chloral are usually employed but

codeine and quinine 12, the latter in contradistinction to

its use as a potential stimulant in the horse, have been

used for this purpose in greyhounds, which are nearly always

doped to lose. Racing pigeons are sometimes given

amphetamine to delay the onset of fatigue. Bulls are

reported to have been quitened with tranquilizers. The

doping of athletes consists of self-medication with drugs

of amphetamine type. There appear to be no fatal cases
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'- r:r:' 74of poisoning in rn an !Jy Cf1 .•..r earie ill on record ,but doses

over 10m• may produce alarming symptons, including

tachycardia and sensory disturbances.

']~heuse of ~. !l1agnificum in herbal medicine and especially

it s use in the treatmE'nt of snake-;)l t:;~ .c:.timulated our int[;rest

in the chef'lical investlg atlon of the pl ant. There are s·till

a linitcd numb er of serums wh Lch do not keep for very long,

that are used in the tre.qtment of snake .bites.

Therpfore the iS91 ation I characterisation. and establishment

other diseases. Apart from these objectives the chemota:x:onomy

of the biological activities of the extractives from the plant

could add to the number of the curatives for snake-bites and

of p Lants and the cher.listry of oornp Lex s ccond ary metabolites

from ~lants continue to be of interest •

.:" the course of this work , results of the crl/·I.tical

The following result and dLsoussLon is based OIl the Lnv t· t·!_ es -l(: C lon

of S. ~Y):i.ficun.
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RESUL'l'S AND DISCUSSION

The specim~ns of Schumanniophyton magnificurn (Harms)

used in this investigation wer e collected at Sapoba Forest Reserve,

in Septomber, 1976 in Bendel state of Nigeria. They were au t h ent.Lc ct.ed

at source and confirmed to be S. magni£icum (Harms) at the Federal

Oepilrtr:1Cnt of Forest Rc s e ar cb , Ibadan ,. l:1here a herbarium specimen

is kept. '1.'he root-bark of Schum. rnagnif. was extracted \"ith hexane

and meth2nol respectively. The components of hexane extract (about

three f,1",jor compounds) which happened to be non-ca'l.k al.o i.d s Here not

of any interest to us. The methanol extract was found to contain

based on the methanol extract.

'1':-, . n,·tLv;·iol '-'xtract of thf! root-h<.~rk of S. magnificum Vias

conc errc r at od (by evaporating the methanol). This yielded a precipi-

tate \·Jj.th <::11 oily upper layer. The oily upp e r' layer was decanted

Leav Lnc th(~ :)rccipitute behind. Bot h tile precipitate erid the oily

tJ",; ;·~:"!I1C c0nponents. 7ll<=: l:csidUC Le f t; b~;·ir:c. i.u:ter extr2cting the oily

Leyci. ~:ith '.::illoroform severol times V;i\S a Hatpr-~;oluhle oil wh.i.c h

!:)lat",~ c<"v( lc;)"xl in 0 rai.x t ur e of :!:t=>nzene end et~lyl acetate (what.e\l'.:J~ ::lle

l.'."ltio) 'wt i, r-.ixtul':'c of ch l o r of o rra =nd ethyl ilee·tate (:::':1) was SL1iL_~.l12

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



positive alkaloid test with Dragcndorff's reugcnt. SRB '3

96.

Eva:)oration of the chloroform extructs afforded a crude solid.

Tlv: ....:omponentsof this crud e solid were separated on

a column of silica gel. 'The first coml)Ounctdesignated SR1\

(H£ == 0.50) and the most polar com~ound on the t.l.c. plClte,

S;'(3/: (Rf = 0.10) Here obtained pure from the column chronilto-

gl.'iJ:)hy. THOother compounds, SRB3 and SRB3' came down

from the column as a l.lixturc. Pure SRB3 (Rt = 0.18) was

obtained from the fractional crystallization of a mixture of

SRB
3

and SP~3' in methanol. Recrystallization of the

residUP. left after the fractional crystallization gave

c r-y st aLs of SRI3
3
•• A mixture of SRB2 (Rf = 0.30) and'

SR3
3
" <R

f
= 0.18) was eluted from the column, which was only

separnted by treating the mixture of the two compounds with

aqu eous ammonia. SRB went into the aqueous ammonia, while
2

SRB
3
"- waS left behind. SRB3" was recovered by filtration.

The filtrate which waS the aqueous an®onia portion waS

ucidifipd. This gave the precipitate of SRB2 which was

dried by filtration.

Apart from :::;rm1 and SItS3', al1 the four others gave

'.luS l2.ter ~roved to be a nitrogen-containing COl.lpound

(microanalysis). An atter~pt made at sepe-rating t:le

21ka::'0icls from SRB
1

(non-a1 kuloid) by treutmcnt with an acid

to fon'l sCllts 0:: the alkQ.loic1S proved unsuccessful. There

\{;}.,"'no S '.'p"rC1tion aLso Ihn~ the cz-uce solid '."2.5 trcilted
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97.

with n base. This was aimed at forming the salts of

the :1henolic compounds, ::;0 that the non-acidic compounds

could be ~xtractcd.Since all the compounds went into the

base layer, it suggested that the alkaloids were phonol Lc,

Determination of the constitutional formula of SRB1

had

The compound SRB1 which was proved to be a ch romone ,

oa m.p. 274-276 , whcn recrystilJ.lized from eth<JDol but

rC!crystallization from a mixture of r-lcOH/CHC13 afforded SOMe

needle-like crystals, m.p. 265-266
0 (decamp.).

It's mass spectrum indicated· a parent pe~k at mle 192

vlhich was also the base peak (10 .•.] resolution mass spectrum)

and the molecular ion, M+ 192 (70%) remained the same in

another masS spectrum (high resolution maSS spectrum), but

the hose peak was at mle 69. In both cases, the molecular

ion was in agreement with the nolecular formula, C10HS04

(p,icroClnalysis). The follOlrin<] important peaks 1'1+ 192 (7~{'),

164 (9E~~), 163 (S?%) 152 (26%), 136 (18~:,), 124 (64~(.)

96 (39';~), 9S (22.5%) and 69 (100~~ - base peak), are in

~,ccordi1nce \>lith the \·.'cl1 eztabiislicJ7fraglilcntntion pat t ern

'I'll,: nass spcct r a of a number of na+ur el. chr-orr.oncs and

theil' dcriv:ctivc=:; indicated t~lat ;.}charur:tr-::ri:::tic frR<Jm~nt..2.-

tion n:.s;ll tcd by col I :::'PSf: "f +he v-~)~'rcne sys"tCl'1 ill a rctro
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Diels-Alder type uf reaction77• Other notuble features

Lncl.ud ed the expected multiple loss of carbon monoxide,

loss of me t.hy I radical from methoxyl ated products and

sometimes the loss of R hydrogen atom, water and 29 mass

units (ClIO). Substitution of the benzenoid ring vJith

hydroxyl groups does not alter the general fragmf'ntation

pattern. The fragment e.tion pattern of 5, 7-dihydroxy-2-

methylchrornone J2 shown in scheme 13 is based on the already

77esto.blished pattern and t.he metastable peaks obtained from

the mass spectrum of 97.
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of'.CH3 HO
"CH3 C=CJi.

HO

OH
m l e 152

HO
rrJe 192

i_CO
~140'1 .

I-co
-r101 ·2

"". HHO

OH
C= 0

HO
m/e 164

1;f'~.8
Scheme 13

m/e 124
,-cor74'3

T.
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100.

Scheme 13 contd.

o C= C-H
/

HO-C~ . +
"C - C=OH

I
H

ml e 136 ttil e 96

C = 0
II
C./ "" +.H..... C:: 0

-HC; CH
C=C-H

/
HO-C~

"C- C:O·
I
H

ml e 69 ttil e 95
"* - Metastable peak

Proposed fragmentation pattern of 5. 7-dihydroxy-
2 - methylchromone.

"
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•
Thp IR spectrum (FIG 1) suggested the presence of

-1hydrpxyl groups (3420....,2620cm ), though only onc phenolic

i-y('roxyl group was observed in the NNRspectrum taken in

rf -Di ~0 and this might be due to proton exchange of the·6
10 .--1 :drogen bonded hydroxyl group with the deuterium of

the solvent. An at e-unsaturated carbonyl group charC).cteris-
-1 -1

tic of the chromone series appeared at 1660cm and 1620cm

-1 -1
(KBr), 1560 and 1500cm ('::C=C< of benzene ring), 1165cm

(ether linkage), 890, 845 and 820cm-1 (substituted aromatic

ring).

SRB... gave a positive ferric chloride test which indicc:.ted
.i

SRB1 taken in d
6

-Dl'1S0 (SRB1 not sol ubl e in CDC13), a pair

of doublets (J = 2Hz) appeared at 66.18 and 56.28 which

tlo.t J.t; \-105 phenolic. From the miR spectrum (FIG.2) of

were assigned to two meta-coupled protons on a benzene ring.

A three proton singl et assigned t.o " ;;10t}lyl group at

2-position of the y-pyrone appca r cd at 1)2.27 and one proton

signal ",laSobserved as a broad singlet at 66.08, which

\'}(\s assigned to a proton at 3-posi tion of v-pyrone. The

only I'henolic proton signal observed appeared at; &12.7.

The paramagnetic shift \-1osdue to a hydrogen-honding \",ith

thc neighhouring, carbonyl group.
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102.

The ul traviol et spectrum (FIG. 3) Has characteristic

of the chromone series, giving the absorption maxima at

217 (log e = 4.21), 227 (log E: :: 4.18) , 251 (log E: - 4.21),

257 (log e ::: 4.22), 295 (log € = 3.33) and 325nm (Jog € =

3.68). The literature
52 reported the folloltJing absorption

max.l.mes 227 (log e = 4.08), 249 (log e = 4.13) 256 (log c >

4. -13) and 295nm <log e > 3.65) for 5, 7-dihydroxy-2-

methylchromone (noreugenin) 11..
\

Acetylation ,of SHB
1

in a mixture of pyridine and

acetic anhydride gave a colourless crystalline diacetBte

:23, m.p. 137-139
0

The ,NMRspectrum. (FIG 4) of the diacetate of

;:-esfJ'2ctively in addition to the proton signals of. .the parent

compound, The mass spectrum showed t.h e molecular ion,

+H , at m/e 276, indicating an addition of 84 units to the

mol~cular weight of SRD
1

and had other fragrent ions at

m/e. 234,193,1.92,164,163,151.,124,123,96, (,9 and 43.
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anc enol ysed

RiO

123
llit.
125 ._.
126 ;

R' = R2= Ac
R1 = CH3' R2 = H\ .
R' = CH3; R2 = Ac
R1:: R2 = CH3

127
Diazomethane methyl atLori of SRI\ gave one single

compound (t.l.c~. This was confirmed to be the

monomethyl ether from the spectral properties. The mono-

methylation product pointed to th~ fact that one of the

h~'droA-yl groups was invol ved in hydrogen-bonding, \-Ihi1e

the f ree one was methyl ated , 'l'hc rnonorne t.hyl ether had a

"16 17° (,. + t 75m.r. ~ -1 ~1-era urc ,m.p.

properties with eugenin 11! that is, monomethylether of 5,7-

dihydroxy-2-methylchromone.
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'l'hc ultraviolet spectrum (FIG. 5) of the rnonor.1ethyl-

ether of SRE
1

showed at

210 (log e > 4.43), 230 (log e = 4.34), 250 Clog e :: 4.29),

257 (log E:'" 1\.~8) ano 295 Clog c •.• 1.7). The!~0.cornpc.ro-t

fairly \'Iith the ultraviolet spectrum of eug-(!;-lln124,

\lh.i.ch sllowed4A1,78 absorption maxima ). (nm) c:~t
max

248 (log e > 4.3), 257 (log e == 4.3), 2813 (log e = 3.9)

and 318 (10C] e == 3.7). The IJIm spectrum (FIG. 6) I"ij::h

one mcthoxyl p ro ton signal ut E>3.B (3!-1, s) and the Phenolic

hydroxyl s Lqna.L at 612.7 (1H, s , whi.ch disappeared with

D~O), confirmed the ~ononethylation. Comparison of the.:.

mass spectrum of the monomot.hy l ether of SRE v,i th that
1

- . 77 f t' l' h+-' t'()..L(,U~Jc~11n .ur .1Cr cstnb as ed ...h e a.den ~ty.

The suc cos sful CJcctyl titien of the monon.et.hy Lether

ill of SRB1 te give a compound identical with the acetate

125 of eugenin, served to prov o that t.hor e were two

phenolic hydroxyl groups. 'rhe ac e't at e 125 had 2. m.p.

. 0 75 0)150-151 (literature 152.5 - 153.5 • The NMR spectrum

showod thp. following proton signal s ~2. 30 (3H, s, methyl)
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group on y-pyrone), ~2.40 (3H, s; acetate) t 53.87 (3H, s ;

aromatic methoxy), 65.93 ('lH, s, proton at 3-position of

y-pyrone ring), &6.51 t in, dj aromatic proton, J = 2Hz)

and &6.68 ria, dj aromatic proton, J = 2Hz). The NNR

spectrum of the acetate 125 has not been reported before

now and the signal assignments suggested above are based

on other reported chromone spectra.

Treatment of SRB1 with excess dir:1ethylsulphate and

anhydrous pot as s Lum car:honate in dry acetone afforded the

dinethylc:ther of SRB1• The dimethyl ether had a ms p , 122-
o ,,,,,,,) 0

'123' ;(lit.('L, 124 ). :'hc m'~R spectrum (FIG.8) showed,

in <'lddition to the proton signals of the parent compound,

SR!31, t\"ro mechoxy L signc.1 s at 63.88 (3f1, s) and 63.93

( 3H, ::;).

79It had been reported that r.1ajority of t.he nat.ur a.L'l y

occuring chr omones contained a methyl group at C-2 which,

in the I~'};R spectrum of 2-methylchroml:>ne 127 gave a singlet

at 52.36. The location of this signal varied with

different compounds but the presence of this substituent

t'Ii1S obs orv cd to have a JT1;:;rked ef f oct; on th(~ shape of the

$i']1101 f r-ori C-3 proton, -,.'hieh w as ~roarlened in nost spect r a
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and may ~ven be doubled. This was p.xactly the observation

in the Ctise of SRB1, the proton signal at 66.08 (1H, s)

waS broad, indicating the presence of one methyl group at

2-position. The location of the methyl at 2-position was

further supported by the biogenesis of chromones. The

melting point of SRB1 was in agreement with that of 5,7-
" 52dihydroxy-2-methylchromone 21. The reported naturally

occ~ring 5,7-dihydroxy-2-methylchromone 22 had a m.p.
o 75 76268 (decomp.) while as a synthetic product ' ,it had

oa m.p. 278-280. From these deductions, SRB1 waS said to

be identical with 5,7-dihydroxy-2-methylchromone 21. This

was confirmed by synthesis.

It would be worthwhile to I':lentionin brief "'hat waS

observed in the first attempt to prepare the dirneth~ether

of SR~l by treatment with Nell g20 in chloroform~O This

"laS a method used to methylate the hyd roqerr-bonded phenolic

hydroxyl group of juglone 128. Rather than obtaining the

d.i.rne't hy'l.et.ho.r of SRB1, a compound which waS identical

wi th eug'':llitin129 (m.p. 1630
) 78 \-IClS obtained.UNIV
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o
128

o
129

It had a

·HO 0
130 Isoeugenitin ( rn.p. 1480)
-- 0 ' .

m.p. 156-157 , but because of the presence

of trnccs of the 8-mcthylisolfler, that is, Lso euqonLt Ln

o ~ 0
130 (m.p. 148) ,part of the product melted at 143-144 •

The presence of the 8-methylisorr.er was responsible for

the LowerLnq of the melting point of eugenitin 129.

76
has been reported to be difficult

1:0 synthcs i ?,(~. This is. bec.ause at one point or another, the acid

conditions used in the usu~l techni(~Es permitted the

L1cthyl group to attd n the f avcuz-ed 8-posi ti,-·n. It was however

ob tw.inl?d by di~cctly heating 5, 7-dihyclroxy-2-me1:hylchro-

r..O:1~ 97 "/ith methyl iodidc ;md sodium ,:;thoxide81• Since

this useful result seerned to conflict '-'lith the general

t; enc ency of 78
eugc-nitcl 131 to redrral1ge (at least in ac i.d

nodi a) .i.nt;o the 8-'m'~thyl i::,~oTr\'~r:l,'!d tLat of 7-hyr:iro:,:y-
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courn,.•rins to suffer substitution at the 8-position, the
78

following ~xplan~tion waS suggested.

HO O·

131 132
"""'--

The conditions used for C-alkylation at the 6-position

were sufficiently basic to ensure ionization of both

hyd r oxy l, groups and the ion produced would have structure

132 as a very important c annord.c al. form. In this, the charge

ct 1,,,h2t was the 5-hydroxyl <Jroup would pr-es umab.Ly be

much less diffu!3e than that oriC]inating in the 7-hydroxyl

group because it wus less easily shared by the carbonyl

~lroup and so it would be exploited to form nCI.• bond Hith

incor'ing methyl group which could utt cch itself at the

(-position rather than 8-[osition. Because of the
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of 5, 7-dihydroxy- 2-methylchromonp 21, using 1'1eI/EtONa

cases. However , whil c only the 6-posit ion was alkyleted

wi.t h iieI/CtONa, it appear ed a little of the 8-methylisomer

Has produced in addition to the 6-methylisomer when 22.
was treated with MeI/Ag20.

The NMRspectrum (PIG.9) of the product of methylation/

alkylation showed the f'ol Lowd nq proton signals (5ppm):

2.08 (3H, s , methyl group on y--pyrone), 2.35 (3H, s ,

aroraat Lc mcthy1>,3.73 t sn , s, aromutic rnethoxy L, 6.03

( 1H, s, proton at 3- osi,tion of v-pyrone), 6.35 (:'H, s,

arornat Lc orot.on) end 12.7 (11{, s , disappeared with D20).

SYN'l'I!ESIS OF 5, 7-DIHYDRCXY-2-HF.THYLCHROMONE.

There are two synthetic approaches to 5,7-dihydroxy-2-

methylchromone 97. The first goes through 5,7-dimethoxy-

2-J:1Ct!!ylc:1romonc 126=, whdch affords 5, 7-di:'lydroxy-2-

r.tet'1ylchromonc on demethyl ation~2 The second method

invol V'e:Sthe formation of v-pyrone ring by treating

2,4,G-trihydroxyacetophE:no'1L vl:.th 2t:etic anhydride and

sodium acetate.

r3
Th.~ latt.>r method waS employed in the synthesis of

97 beciu~e of the easily accessible 2,4,6-trihydroxyaceto-
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1 t" 96phenone either commercial y or from Hoesch reac ~on.

Refl uxing a mixture of 2,4, n-trihydroxy ac et.o phonone ,

acetic anhydride and freshly fused sodium acetate gave

o5,7-diacetoxy-3-acetyl-2-mcthylchrornone 133, ms p, 129-130 ,
,..,~

(lit".j , 129-131'1. IR (PIG. 10) 2nd M·m (FIG.i1).

Treatn:ent of the d.i ac et at e 133 \dth dilute hyo roch'l.o r l c

cc Ld af f orrt ed 3-acetyl-S, 7-dihyd):c~:{-2-m..::thylc;hromone 134,

')r,0._':l51° (1 it; 2.3 ')C'\~_')C:"1((
L. '_ ,.1. ,L-J ....J~_J8!~1.i....• The inf ra-rcd spectrum

(:":::G. 12) ~llc\Vcd the char act cr Lst Lc car borryL absorption.

-11660cm •

3-:\cetyl-5, 7-dihydroxy- 2-methylchromone 134 \-l~~S

dig<>stcd in aqu cou s sodium carbonate so l utLon hy ~()iling

md er reflux, f'o L'l owed hy ac Lo Lf Lc at.Lon to give 5,7-

(~ .; l' 83 c)
__ .L ._. ,2r,1-~S2. 'l.']' c: IF! sl.'ectrurn (PIG. 13) H.:lS identical

'.·iith the II\ spectrum of the naturally occur r tn-j noreugenin.

'.rhe rna s s sp ec t rurn q av e- the moLcc ut er ion as 192 whi ch

2gr ...:ed vlitll the expected v :,1u e , 1.'he synthetic procedure

is r-cp.res orrt ed in schcrac lLl.UNIV
ERIS
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OH
~COCH3M·

HO OH

freshly fused
CH3COONa

AC20
(re flux) AcO 0

133-

Idil.uc
(reftu x)

HO CH3 HO
Aq. Na2C03

•••
(reflux)

97 134
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There was an interesting observation during the

synthesis of 5,7-dihydroxy-2-rnethylchrornone. At the

initial stage when 2,4,6-trihydroxyacetophenone was

treated with a mixture of 'sodium acetate and acetic anhydride,

o~ CH3 OAcAcO A0
OAe. /C.::::::- C

c \
AcO 8 H3C OAc

135-

the product of the reaction appeared as a single spot on the

t.l.c. plate. However, two different compounds were recovered

from the column chromatography of the reaction p~oduct

on silica gel, which showed that two compounds were formed

during the synthesis. The second compound corresponded to the

expected 5,7-diacetoXY-3-acetyl-2-methylchromone 111 but the

first component appeared to possess the structur6~. This

is the first report of this side reaction in the synthesis of

the chromone. The mechanism for i:he formation was explained

as shown in scheme 15.
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HO OH AcO OAc

C/CH3
ACO€> ~
AC20 •• C/CH2

G

HO
II AcO II
0 0

lCH3CO<J>

O~ /CH3
Ac Ac C

I
C/CH2

AcO Ac AcO \l
0

OAc
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Sche me 15 contd. "

AcO

O~ /CH3
AcO Ace H C

I 7c,;:~c OAc

AcO II . 6o H,
}H2O

o~ /CH3
AcO ~cc)

QAec/c~c
AcO II Io CH3 OAe

135-
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The IR spectrum (FIG.14) stwwed the acetate

ab sorp t i.cn at 1770cm-1 and the c ar-boriv I bands at 1680cm-1

and 1640cm-1. In the j.jNRspectrum (FIG. 15), the six

, acetate and the two methyl groups appeared between 52.24

and ~2.50. The two pairs of meta-coupled protons showed

up at 56.46, 56.62, 56.80 and 57.10 as one proton doublets

each (J = 2Hz).

It is necessary to mention that, although SRB
1

has

52been reported to occur as a natural product and was

.•..75,76well known as synthetic produc.... , much work was

done on it for two important reasons. Since in the m1R

spectra t aken both in d6-DI:SO and d
6
-CH

3
COCH

3
,only one

:)hcl!olic hydroxyl group absorj.t Lon was observed in each

c ase , whLch occured at 512.7 (lH, s , dLsappee r ed vlith D
2
0),

there '.•«s doubt as to whethel.- SRB
1

was identical with

5,7-dihydroxy-2-methylchromone. This necessitated the

prepe.ration of many of its dr>rivatives. Secondly, SRB
1

was synthesized because it w as discovered in the course

of t ni s work that two chromone alkaloids, schumannificine

(SR34) and N-methyl schumannificine (SRB3) were rel ated to

S '~1 and the lattcr could be a good starting point in

the synthcsis of these alkaloids. The relationship between

the t.wo alkaloids and SRI31is diacus s ed in detail under

"Chromone Alkaloids"_
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CHHCJ10NE fI.LKALOI~S.

(I) SCHl.H'IANiJIFICrrH: (SRI) 4)

Th~ compound, SRB4, hereby named schumannificine,

wh i.c h h ad a ms p, 2340 (recovered fron HeOH) was shown to

corrt cLn nitrogen (microanalysis) w.i t h molecular formula

C16H1SJJ06· It gave a positive al kal oLd test '.'lith the

Dragendorff's reagent. It also gave a positive ferric

chloride test so it was phcnolic.

fluch of thc' information on the structure of

schumannificine (SRB4) camc from the alcoholic potassium

hyd ro xi.de hydrolysis of the alka.loid and the .compariscn

of its mass, ultra-violet, and infrared spectra \lith those

of 5, 7-cJihydroxy-?-m("~thylchrom()ne 97.

i~lcnhol ic po t as s.i.un hydro:<.iri~ hyr' rol ysi s of schumanL«

ficine qave .:'1 compound whi ch was identical ( m • p , , IIIix ed

rns p, end spectrC:')'.vith 5,7-dihyclroxy-2-methylchrornone 97.

This established the chromone portion of the constitutional

forrr~la of schumannificine. The nitro~ontainin9 portion

of the alkaloid could not be isolated from the reaction mixture.
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.
In the f'./I';R spectrum 0:: the .hyd ro Ly sLs product, the t.wo

mct a=coup'l ed protons app ear r-o at 56.18 and fJ6.28 as a

:')<:lirof doublets (J=2Hz) .;.s expected, whereas there was

no meta coupling in the startin~ material, that is, SRG ,
4

but only one arom at Lc proton via::; observed at 06.66. This

then suggp..st(~d that d.ther the 6- or the 8-pos5.tion of

5,7-dihydroxy-2-methylchromolle WnS involved :'.n a bond ,1ith

ccr bon , HO"J CV (>1' , it .i s a Hell established foct that

11hen phloroglucinol dcrivc;.t1vE's, Plnd chromoncs are

ref1uxed vLt.h methyl iodid(? l1~"1derbasic oond.lt; icns,C.-::1)-::ylation

11 ' 81,8L1 ,85
\13Ua_ 'j t2k.CS p.l. ace ~ • In t.he case of ~, 7-d::.h:.u ro:~y-

2-~.cthylchromonc, the 6-p)sition is nore
78,81

O-position. Since

su sc cptLbL<.::' to

·>.lkyl-:-,~ion than th,= on refluxing

~.;nBI! F.:ncl 5, 7-dil1ydroxy-2-r:1(:thylchl.'C'ncn~~ s cp arat e-Ly with
'"

\fhi1 e (llky1 atLori at; C--13 1:001:: pI cc c in the l.,i:t '~.r, it ~ms

a.un in dplltc'ro?yridilH". The cbe!11cal s>ift veLuc for the
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8-po:::ition was 56.67. In the ;.rr:R spectra of ho+h :;~B4 FInd

STIB
3

taken in o eut.c r-opy r-Lcri.n e , the a rorn.rt Lc proton

app caz ed at 66.66 whLch was very close to that; of c he

hY..::'rogcn at the 8-position of the c hro moric , Th1s

further strengthened the ar quement t.hat; the 8-posi tion

was bonded to hydrog~l while the 6-position waS bonded to

a carbon atom. On the basis of the hydrolysis and the

above deductions, the partial structure 1'36 vJaS assigned

for the compound.

136

Co:npiJ.1.'h:on of the IIl'-lR spcctru of SHE cmd 5, 7-.diltydro::y-4 -
2-mct:-lylchrorr\on(~ 97 revealed that l.io th the nr,thyl <]r:'(':;-up and the

011C prct.:,.:1 C\-t 2- Find 3- po si,tli.":>n;:; resp'-c.:ti vr~1y of y-pynnle ring

vrer e still p ro s ,'nt Ln SRB 4. The UV -,lTld IR spectra of

sc"um~mnificin('-' (SHB 4) <;ave ch e.r ac t.c r i s t Lc ch rcmon e
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It WctS observ~d that the diacetate and the dimethyl ether

derivatives of SRB4 we.r e formed when SRB4 wa s t zeat ed with a

mi.xt ur e of P1tridine/Ac20 and HeI/Ag
2

0 which suggested that there

were t.wo hydroxyl groups in schumannificine (SRB4) • Since

s ampLcs sent for mass spectra and microanalysis wer e lost in

-OCOCE3). The three proton singlet at &2.36 was assigned to the

ac ct at.e at t ached to an aromatic ring while the oth~r was. for

transit, no report of mass spectra and elemental analysis could

be given here. The two acetate proton signals had different

ch end.c al, shift values; &2.05 (3H, s , OCOCE3) and &2.36 (3H, s ,

t~1e ac et at;o attached to a no~-aromatic ring. Simil ar thing was

observed in the iti1R spectrum of the dimethyl ether of schumanni-

f i.c.i.nc (SRE4) • The aromatic and the non-aromatic methoxy protons

~iJ.ve l'roton ubsorptions at &3.90 (3H, s) and 03.40 (3H, s )

respectively. One proton signal (1H,d) wh i.ch appeared

at &5.7 in the dimr.thylc-ther derivatives shifted downf i.e'l d

to oG.93 in t.hc~ d Laoetati o and morio acc't ot o (j(?rivatives of SRB
4
•

This proton was suggested to be at the base of one of the

hydro~yl groups in the starting material, that is, SRB4• The

doublet nature of the proton showed that there could only

be one p ro t.on on the c arbon adjacent to the proton. The p ro ton

\JiJ.S t>('n Loc ct.cd on a carbon lying between tc-rtiary carbon and tnc

l1itrogcn at cm, Thouah thf' isomeric structure 137 could not be~ ---
cOJll:~12tcl'J J:ulC'c. out, tli€" linear st ruc t.ur c 138 Has pr-oposcd for
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schumannificine (SRB4) by considering the above reasons

d.i scu n sed 1:1 connection \-lith the ch emd.c al, shift of the

only one aromat Lc pro ton observed.

On the basis of the above work Lnr: structure, the

SRn
4

forI11i.d:lo:1of 5, 7-dihy(t!·oxy·-2-rnothylchror~·ln\;. The nitrog~n-

containing ~)O:--tiO:113~ of the hY"rclysls reaction is i'l
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>c isolated from the- ,~'(:\lr:C:lS 2.cic'ic r.:cnium FInd evon after

i).ci0ific(}tion bcc aus e of the fOnitr·(t.i ....:-nof secondary arnmonium

salc , Its further decomposition as shown in thE' scheme

!
(8)

HO OH
138

~ ~H

! C"/ -:GOHOH 0

!
H3C OH H3C OH at)

~ HO;C~NH
-t' NH

0 0 HO C02HOH OH OH
1-C02

139

If U-
Scheme 16
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Scheme 16 contd.

OH HO'(1NH2
CHO

o OH
I

CH3 CHO+ CHO(C~NH2
(8) is another

possi ble route

97

Alk~linc hydrolysis has bC0n regnrded ns one of

the:' inrort ..int; funda.TncntC11 rarthoc s in structural studies

. 78wnd Cllromones. Acyl substituents

wcr «. s aLc' to ]:,e "'asily reli',vvpd fror.1 <I phloroglucinol residue,

hence ~llk(jl:'ne hydrolysis of cuq ena tLn 1..?2. Vli1S

r0ported to ,'roduce ac ctono end the ,)r.cnol~. lihen chrysin

c.i.no l , ac 0tic ac i.d , )H'n~::)ic ?cict an:-l ~ li ttl e acet:op:'!enone
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MeO MeO~HOH- z-: 1 CH3COCH3H3C •• ~ +H3C
HO 0 OH

129 ill)

HO ph otrHO~OH
~ ~I- COCH2COPh

HO OH
Ut

1
H0yyDH
YC02H
HO

IphCOMe H0'QC0H~ I 'COCH3
HOjeco

2
H

HOyyOHy
OH

phlorogl uc ino I

Scheme 17
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299 (11.3),271 {9.7), 2115 (12.9),

'1'hc Mass sp ect rum (FI3. 16) of schumannif icine (SRB.)
L.t

Lnd Lc at cd il parent pe ak at r·j+ 317 (12.1%) which agreed

':Jith the mol f·~c;~lar _f o rrnu la , 7he following proninent peCt~::s

\"/,"re ob s erv od ",ith the perc(?l1tage relative abundances

~:loVm in brackets:

192 (100-bas(c'! p e ak L, 189 (?1)', 177 (9.7),164 (29),

163 (25.n), 149 (12.1), 124 (24.2), 97(26.6), 96 (18.6)

~:J1d 69 (33.9). 'CoMparison of the mass spectra of

5,7-dillydroxy-2-m0thylchromone 97 and t.hos c of the

2.1k cI•••oid s, schumnnnf !,icine (SRI) <1) and tI-methyl schum ann Lf Lc Lne

(S1m
3
) led to the f oLl.owLnq fragmc.:nt.:ction p at t er n s being

pro~-'o~r-..1. -;01.' ~he h.") .-~.L;;loids. ':i.'hese are shown in schemes

180., 1Qb, ",!1d 1Hc. The or c ez- of a r r anq eracn t; of the

fragmcy:t ions shown in the scvemos wos diet .:':tr·d J'"' the

v ar Lou s observed mcs s e s of the: f r aqmc-rrt.s ••

The infrared spr-c t rum of S;'{;3tl (FIG.1 7) showed bt:~nds

Th(~· f o rrrc t Lon

,:-f all ami c e , >~-CCC!I') 1/1"10n SRB. Has treated Idth '3
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-H20
N-R m/e1~

H OH 0 HO 0

Molecular ion; R = CH3;m/e 331
R = H ;m/e 317

R = C H3 i m le 313
R = H ; m/e 299

l<retroDiels-Alder .)
-CH2=CH2 tnle 28

HO

R = CH3 ; m/et245
R = H ; ml e 231

1-~ge2a

R = CH3 j ttxle 285
R-::'H ;m/e271

o

O=c
-co

m/e2r
IHO 0

R = CH3 ; ml e 189
R = H ; role 175

R = CH3 j ml e 21 7
R = H J ttd e 203

Scheme 18a

-R
+

of.
·
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o 0H/
ion: R = CH3 ·,m/e331

R=H jm/e317

Molecular

o=C
ml e 205
Base peak

'+

+

" 0I ~ ~ N-R

. H H1f
R = CH3 ; ttvle 331
R= H ; ttvle 317

J
-C3H50NR

R= CH3 ; mle 86
R= H m/e 72

~ +

ml e 245

c=O
+

o HO

ml e 219

Scheme 18b
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m/e260

I-H

o
m/e 220

i-CO
m/e28

OH
ml e 259

IOH
m/e 192

Base peak
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Scheme 18c,
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, . 128.

\

rt?ti'iincd in

( acot.Lc anhvdr.i de (\!here ,,0 rmLde. -
l'iLlS f o rracd ) and in the c!ir::p.thylr:ther. A weak 1)<'l.nd

ap:,c:<.:red -1,·t 17-10cm t '-'/hi1 e the char ac t e-r-Le tLc ch i-ornon e

-1 -1absorption \,o r e observed nt 1650c:m , 1620cm . (>C:;::<)

-1 -1ether linkages showed bands ('It 1~l65cm and 1090cm • The

sub st Lt.ut cd e romat.Lc ring::; SlICh'(;G the cb ar ac t cr Lst.Lc ab sorp-

-1 -1 -1ti"ll b crid S at; 1580cm , . 815 em anrl 720cm •

:00 (3.08), 280 (3.83, 5h), 290 (3.85), 310 (3.95, 5h),

320 (3.96) and 33~,nm (3. ':'7, sh l , 'rhe NER sp ec t rum of

SRB11was not studied in isoll(J.:ion but was Co!:~pc.n~duith

th,',i.: of SP.B t,lken:in the same: sc Lvs-nt; rnd t.h at: of 5,7-
3

diLydl.O)Cy-~-!'j( 'l:l!vlclI1.untul)(!. "in" (' 'OR!' \;'a~ nc. t ~~ulllJ')lC:J. .; .~.. _J - If
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at &2.30 end a t'viOproton signal showed up as a singlet

at 1)6.66.

Initially, it was Gifficult to assign the latter

t.wo ')l:otons correctly, but when the :'I/llR spectrum was

compared with that of SRB3 taken in the same solvent,

the t.wo proton si~gl et in the lIT':R spectrum of SRB3 was

identical with that earlier observed in the NfIlR spectrum

of SR34• The J'il-~R spectrum of SRB3 taken in deuterochloro-

:::orP1confirmed that there \</25 only one aromatic proton

whi.ch occured as a singlet at 56.30 and an additional one

proton doubl et at .55.70. It 'v"'I~ then concluded that in

deuteropyridine the pr oton n!)sor:.tion at ~5. 70 shifted to

M,.66. This ar<;uncnt Has further supported by the

obs erv at Lon on the .JIm spectrum of the aimethylether

of SR34, where an arornat Lc proton a;;p.eared at 56.35 as

o e ~roton singl et and the one proton doubl et occured at

55.68. Fn>ro the above comprr-l son and deductions, the

two proton sLnqI et; a.t 56.66 in the l\1i-lR spectrum of SRB
4

t aken in deut eropyr-Lo Lnc was assigned to an aromatic

[roton .::,nda proton at the asE' of a hydroxyl group which

in deutcrochloroform appeared at 55.68 as one proton doublet

(J=4H~). I~ effect, deutpropyrirtine shifted the proton
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\

at the a s o of the hyd ro xy L uroup dOl/infield and Lit the

::"::;,'"tLrno affected tr.e multiplicity of the signal. The

rcmcining protons could not be accurately estimated

:'ron the ill:H sp cct r um bec2.use all t'1C acLc i c pl:ctons,

c.g. -O-H, and >N-H had b ecn removed by th~ D
2

0 Ln the

The IR spectrum (?IG.20) of the di:le:etate

c1eu t e ropy r ir.line.

Acetylation of SRB4 in a mixture of pyridine and

1 2 3\jcwe the diacetnte (138; R =R =Ac,R =11),nc et.Lc onhydride

') 7 " gOm s p, r.1 -.:::1 .•

::;hoVJcd 1:>;\110 s at -1 -131.50cm (>N,-H)t 1750cm (-Ok),

J.G60 '( c arbonyf ) J 1600 (>C=C<, "rornatic), 850 end
--1

7'.5 0 em (su:,sti tutcd arome.tic ring). The; 'fiR spectrum

(FIC. 21) of the dL1C(~ti.lte t ak on in ..::nCl') (sp.'lrinsly
~

zoLub Lr-) s:~owed the fclloHing prot(,n signals (~ppnd;

2.05 (3H, s, 'lon-i1.ronl,J.tic O/\c) 2.32 (3!!, s, -C!!~ :t

2--10~iti()n of v-pyrone), 2.36 (:m, s , enol O/'\c), 3-3.8

(r':!1 m, CH and Cll ..), (,.02 t nt , s, p ro ton at 3-)o~ition
c

of v-pyrcrie) , 6.60 (11f, s , ar ornat Lc proton) c-.nd 6.93 (1.,

d , J = 4Hz, rroton at t he base of i]cr::tox~'lgrou~)).

Tre·:-.tr:12nt of SEl1 •...•ith a rni.xt.u r o of acetic acid c'no11

2.C etic

-\... J. 1 \ _..L.~. t . j, d.:...
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131. \

and .:lr:1ine(>N-H). The r-rocluct of acetylation whLc h was

123an ?,mide of the monoacct at e (138; R =H, R = R = Ac) \vas

very soluble in CDC1
3
, unlike the diucetate. The JI-!R

spectrum (rIG.22) t ak cn CDC1
3

showed a six [-·roton singlet

at 62.02 (-OCOCH
3

and >NCOCH
3

) whLc h was considered a

little high field for an enol' cc et.at e , The three proton

singlet assigned to the methyl group at the 2-position

of y-pyrone still appeared at 52.32 while the six protons

(methylene and mct.hLne) showed up between 52.8 and 53.7

as r.~'ItiIlets. The proton signals at 56.05, 56.24 and

56.84 werp. assigned to the proton at 3-position of y-pyrone

ring, aroJ"lctic proton rinG the proton at the base of

ac et.oxyI group res:-'Jitively. The phenolic hydro xyL group

wh i ch \-f,iS not ac et yLct ed still a;)peared at 512.5 as one

proton singlet.

This' amide of the mono acet at e of SRB
4

was not stable

and so, on passing through a col unn of silic a gel, it was

lw.lf-cuhv<'rtcd to the: morio ac et at e , The evidence for

this was obtained f rora the IJflR spectra. The amide was

corny (·tely converted to the mono acet at e during the

recrystnlli zat i.on process. 1 3ThE. roono ac et at e (138; R I:: R =

tI, R2 = . c) which hart a msp, 153-1550
t WaS similar in its
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.J!1R sp ect rum (l:"IG. :n) to t.hat; of the amide except for

the peak iit 62.02 which was r cduc ed to a three proton

singlet from the six' proton sLnoLet; observed in the case

of the ara i.d e ,

138 R' = R 2 = R3 = H

The d Lract.hyI ether (~; R1 = R2 = CH
3
; R3 :; H)

whLch was obtained ;)y tre<,ting schumannificine (SRB4)

"riti c' Elixture of nethyl iodide 211dsilver oxide in

80 0
chloroform had a msp , 225-226. The iJNRspectrum

(FIG. 24) was quite informative and showed a three proton

singl €t at 0"'.30 which WC'.S t ..e s ame methyl group at

::-~)osition of v-py roric ring, the nethylone and methine

pro tonc eppear ed as six pr oton 'lultiplets bct"/een .')3.0

Q.! d 03.~0. The two three pz-oton singlets at ~3.40 and

52.90 \:ero assigncct to the non-ar,jmatic and ar l\-;)fltic
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1.33.

;;0-\:hOY.lj1 (Jl:OU~)S r esp ect.Lvc-Ly , v:hile the proton at the

bu~~0 of the methoxyl Sr.'oup S~lo\"ed up at 65.68 (J=4Hz)

as one proton doubl et. The presence of the mcthoxyl,

group has no effect on tnc c hcn tc al shift of the ~ase

j.z ot on , but in the Case of the d.l ac et.at.e , (:l1"',ide2!ld the

nonoi.1c.-.tat e , the same proton Vias shift eel do'mfield to /)6.0,3

and 6(.81\ respectively. This s erv sd to prove the rela·-

<llcohcl. The prot.on ::rt the 3-I2'osition of y-pyrone and

integration which was in agreement with the expected dim~e~er
,4th J.' , ''-le''''l-'~ J:: - , - ,... H "0\\.,.1.. _l L.nE. r.1 ...J _t.... C . .L.. ".UIn! l L c-: , '-, r· 5 .... ~.1() 1 0

!3H""'4\,';::,S (~ch~'droJ~n;)ted b~' a ry.:t:lOd re.~o:::-terl by

, 86
i\.Jn~~1:!orth • }{t~flu;:.LnC; a I:,ixtu.l:.",,"of SR3 and palLad.i.um

4

on C21.J)('Il in nitrob'.'ll7.'.('l1e ga'J(·, 1:1 :")rodL:.ct which l'o.d a

Th(~ rr:.::\::;S S,r;0ctrur:l (FIG. 25) g:\ve the

1,·+, ,
t.h c mol ecul ar ion of a cor ,POU:1CI,ci -1,:;1 structure 1,12.

.., •• "'1
J. _ {.-
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134.

'.1:'h(: UV spectrum (F'IGe 26) taken in chloroform (due to

2.i)scrr.4ion maxima,) (run) (log ~), 258 (4.38), 265 (4.41),
"m ax

269 (4.41), 321 (4.06) anct 328 (4.07). The higher values

of the extinction coefficient when compared with the

v~lues obtained for 5,7-dihy~roxy-2-nethylchromone or

Sch\ln~nnificinc (SRD4) suggested the introduction of

addition~l conjugation.

i'lhat appeared striking in t~1e in::rared spectrum

(FIG. -27) of t.h c c!eh:-"cirogen2.tion;'.::oduct \Ji1S the aDsorption

-1b and at 1710cn • 'l""',i::;band \'lh:ich seemed to he char act er i a-

:::ic c ,.•r bori /L ~bsorption 0': ii.ry1 ester or 1 acton c was high

for 21:'11 ketone or th~hyclrogc" .-bonded carbrmyl group

u:;- the y-pyro;·lc. It WiOIS not essy to cxpI ain the h it)l

v a'I u e of
-1

bccau s e the band ilt 1. 710cr.1 - in the
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HOWC:VEr,it w as su'.:gested that, probaoLy the removal

n" s-unso.b.lro.tion and it is said to be due to the inductive

of the :l¥c!roxyl group dur i.nq the ctehydrogeno.tion I-,hich

aut.oraat.Lc al Ly r omovcd one of the hyclrogpn-bondin9 affecting

the ncig~our:ing carbonyl group and pos sLb l y the effect

of the nitrogf!n atom in the ring, might have boon

rcsponsibl E.' for the shifting of

-1 _ -1
17l,Ocm -. The bands at 1.740cm
difficul t to (;x1-,1 ain.

that carbonyl b2nd to
-1

in ill and 1710crn in SRB4

thetl:LllLms andto
-""

(~<1r')o):yI 0ruul' in Lac t oris , w:·.ich ,")l;-<::orbsi1t 17~5cm .L in

r: . 1 I ' • rt ' -,5 -1_ 1 -::.our-rlng ac ccm can )p ~,:lJ. crt iJ::{ +.!. ern .Jcc<:;use of

Lhe ; r cr '~nc,: of an i,delit:,ol1al doubl e bond, as' in !\-Co-

rJ-C=C or -C==C-CO-N. This is an unu su a'l effect for

effect of the -C=C- on the well conjugated -CO-N system.

Al+houqh in compound 142, the nitrogen atom is not in the

crposition to the carbonyl group, it is \<lcll conjugated

ui.th the c.:u:'bonyl r;roup in the sy st cn (-CO-C=C.-lJ), since

it is in the v-position. This i~; 2 vLny I oqous l'elatlon-

s:1ip. So, '"Jroha.bly the s amo '-xplc:'natL:m can be adduced

are
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reaction is ruled out and there is no lactone band in

the st(:.rting Material (SRB4) then the band at 1740cm-1

could not be assigned to a lactone group. The y-pyrone

. -1
--.:carbonyl band appeared at 1660cm while the aryl ether

-1 -1bands showed up at 1260crn and 1165cm •

The pr-ocuct of dehydrogenation which proved resistant

to acetyl ation in a mixture of acetic anbyor.i.d e and pyridine

at r'oorn temperature W2S however acetylated when heated in

the same mixture at lOOoe for 6 hours. This acetate had

e
a rnsp , 285-287 (subl.) .and t.hc IR spectrum (FIG.28) showed

the i'lCetu.te and carbonyl bands at 1750cm-1 and 1670cm-l

r.espectively.

Attcr.lpted synthesis of the dehydrogenation product ill

The first synthetic ap:->roach involved an acyl ation

reaction het...leen .1icotinyl chlorid e and 5, 7-dihydroxy-2-

met hy.l chromono 2.2. Ilicotinyl chloride was prepared by

tre~\ting nicotinic acid with thionyl chloride~7 Since

the resulting nicotinyl clloride was not stable, it was

pre.-'o.red in :.;itu and immediately used for the acylation

r cact Lon vlith 5, 7-dihydroxy-;:'-w:thylchrornone 97. This

Clppro2ch proved unsuccessful.
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Attempts wer e made to ncyli1te 97 and its dimethyl ether

with nicotinic anhy~ride in the presence of aluminium

chloride. The nicotinic anhydride US2d was prepared by

reacting potassium nicotinate \lith oxalyl chloride in

88 h b st . 89bonzene , T e rrethod re orted y aud~nger was

empLoy cd in the preparation of oxalyl chloride, though

the yield was poor due to the decomposition of oxalyl,
chloride during fractional distilliltion. These did not

give eny positive results.

well-known synthetic route which leads to the

90
f ormot.Lon of hydrox'.lxanthones and hydroxybenzophenones

involves the t r-e at.raent; of crh~'dro:x"yacids ·,.ith polyhydroxy

COl':.- • U!1d s in the pr cs enc c of zinc chloride and phosphoru s

oXYC110rid ('. T is, t.hcn , meant; th3t cr. yc!roxy- or

L1-hydroxynicotin:i.c acid .ill. had to be synthesized. The

ro1yh:,'droxy compounds such as phloroglucinol, 2,4,6-

trihydroxyacetophenone and 5,7-dihydroxy-2-methylchromone

were employed in the synthesis. The proposed synthetic

rout_ is sunmarised in scheme 19.UNIV
ERIS

TY
 O
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Y~CH3 CH COOH ~l'-':CH3
(A) 3 -ll~d

. 300/0 H2~ ~

3 . to 0-
-PICO me

CI
~COOH

llNJ • KMn04

HO OH OH

(B) (i) 143 + ~ ZnCI2
e-, P OCI3·

OH 0 OH
144

HO~OH H
(in 143 + Y"'l ZnCI2

.~ ~

HO COCH3 3 OH

HO
(iii)143 +

Scheme 19
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\.
SYm'HESIS OF 4-HYDROXYNICOTIIIIC ACID.A.
4-1ydroxynicotinic acid waS synthesized by the

91method reported by Ross • 3-Picoline (3-methylpyridine)

HaS converted into 3-methyl-4-nitropyridine-1-oxide by

trcatinc it with aqueous hydrogen peroxide (30%) in acetic

~cid at 700C for 24 hours. Evaporation of the solution
under reduced pressure gave 3-rnethylpyd.dine-1-oxide

whLch was a y el Lowviscous oil. Treatment of 3-methyl-

pyridine-1-oxide with a mixture of concentrated sulphuric

acid and concentrated nitric acid afforded 3-nethyl-4-,
nitropyridine-1-oxide, mop. 135-1370 (lit.91, 137°; lit.

92
,

A solution of 3-nethyl-4-nitropyridine-1-oxide in

chloroform was saturated with dry hydrogen chlorid e gas

at; room t ernpe.rat u.rc , i ddi tion of Phosphorus trichloride

followed by heating und=r r cf Lux and ovapor at Lon of the

ch'loro fo rm under r educed pressure yielded 4-chloropicoline.

This w~s isol~ted by dissolving the residUe left after

evuporction in iced wC)ter, rendering it strongly bnsic

by adding saturated aqueous sodium carbonate and finally

steam-distilling to ~ive p re 4-chloropicoline (d; 1.16g/c.c.).
#
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. - ~L
3250cm ,

~
J
')'lOOcm--'- -'- --'anc

• 140.

\.

4-cl~oropico1inc was oxidized to 4-chloronicotinic

ac i.d by dispersing it in wat er and adding pot as s ium

" '1 .•... . d A 7· ..•76° (rl p , )·.-·:::.1 o.r ona.cot.a.n i.c ac~ rnvp , 1 q-l. .•ecom • ,

175-177° ;
0,:\ .'"\ 94 0

1it •.-'~, 162--:63-, lit. ,11':4).

This acid woe isolated by filtering off the preci?itated

manc anes e dLox.i.de, conc on+r at Lnc th': fi1 t r at e orid fin.::.l1y

2.djusti:l!] +hc pH of the conc ent.r at ed fil t.r at e to 3 with

conc ent.r at cd hyc roch l.ord.c acLd, The infrared spcc t rum

(FIG. 29) showed the hydroxyl gr:oup of an acid at

"')"'0 -1» c « em and the cnrbonyL . ' -1ab sor pt.Lon at 1725cm and

110':\0 -1_.0_ cm •

4-chloronicotinic acLd \1<)5 converted to 4-hydroxyni-

cc tLnLc acid ill by refluxing it in water for 1 hour.

After adjusting the pH of the solution to 4 with sodium

l:ydro::iclf', evaporation to h al.f bulk and cool ing

~fforded the 4-hYdroxynicotinic a~id, m.p. 24~-2S0o

[1 it ~'='1, n.p • o 0250 ; :260 «(,Ipcomp)}. The i7.o1s·cular ion,

.,+. ( ):, , \J;::S (jlVC:ll :::'s 13., m as s spcc t run • In the IR sp cct run

". '1
170Ccm' .r:,,:::::pectivcJ.y.
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B. CONDENSATION REACTIONS.

Attempts were made to react 4-Hdroxynicotinic acid l!l with

phloroglucinol, 2,4,6-trihydroxyacetophenone and 5,7-

dihydroxy-2-methychromone 21 separately in the presence
90of freshly fused zinic chloride and phosphorous oxychloride.

This was with a view to obtaining j!!, . and ~ respectively as

intermdiates in the synthesis of ~ At the recommended
- etemperature, that ~s, 60-70 C, there was no reaction in

both cases. When the temperature was increased the reaction

mixture was charred. Since the same rea-:tion worked with

ortho-hydroxybenzoic acid, then the hetero nitrogen had

hindered the reaction by its electron donating ability

and tendency to form complexes with the lone pair of

electrons from nitrogen. It waS not surprising then,

that when either nicotinic acid or 4-hydroxynicotinic acid

was heated with 2,4,6-trihydroxyacetophenone or 5,7-dihydroxy-
o 952-methylchromone at 180 C in the presence of zinc chloride ,

there was no condensation.
96Hoesch synthesis was employed in thethird route

designed to lead to ~ as an intermediate to 1!£.

a-Cyanopyridine required for this synthesis was prepared
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•

v-h Ll.o the commc-rc Lal. rho o r oo Luc Lno I wo s u s ed ,

Syr.th 2sis of 2,4, 6-trihydrO):ynicoti:lOphp.l1onc 146

:';:l::turc of phloroglucillol, 0-cyc:noIY,'1.-ir!ine arid finely

(solv'!nt). 'l'he r,':action flask \'13S left to st,~'nc1Lr: an

ice-chest for 24 hours. After the dry hydrogen ch Lo r Ld e

he's been p as sod thrOl!0h the solution <'IgClin, it WaS kept

.;.::r:::tcls of =,/'-,6-trihY(~1:.·c:::l·nic8tincYr·"cnnn ,'ill ms p; 253

-:;SSoc.

Th" infrtlreli sp oct rum (FIG. :·1) sh8\".1ed t!'1e nycr oxyI

·-1 -1ab s or-pt Lon s ,:t :H50cm ,3230crn and the carbonyl

" J. ') ~ ~" "1 :.}r- :'\<1 ~ l:'nm.. ' ,~ ~ I ,
"-
- ,i

-- , '( ...·lr1r:'! 1 .: ('" ! '~. ...
"01u1 1'-, ..'

.. - 1\ '''' ")·i fl ... ~"1 -le t ,l--,'•. i.c.:l-1-, •• CI.L' • _ •• ..L ,
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VIas obt ""2.n!::d by treating 146 \f/ith a nd.xt.u r e of pyridine/

i\.C
2

0 l...3.VC the follo~'ling .~Jroton si<;nals, 51.92 (6H, s ,

two -OCOCH3 at 4- 2nd 6- positions), 52.30 (3H, s, -OCOCH3

at; 2-po~ition), 56.92 (21f, ~, tuo equivalent aronat Lc

143.

H0'9C0H~dryHCI.. 4N
Zn CI2 C

II
HO NH'HCI!H2o

,(reflUX)

HO 5 0CH
4~ '-':X1fc -<N

3~~,
HO 0

protons at 3- and 5-positions). The four pyridine proton

signals occured at 57.38, 57.93, 58.67 and &8.88.

Attempts to introduce the ncetyl group into position

3 or 5 in compound 146 by Hoesch synthesis96 failed. Also,

introduction of the nicotinyl group into 2,4,6-trihydroxy-

t h h th t 96 . 1 Thace op enone y e sam•. r.10. hod Hi'S not possLb e. e

:->ro'-'o~c~dscb eno 20(b and c) is shown below.

146-
Scheme 20
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144.
Scheme 20 contd.

o HO

OH~
C~
IIo

-

c) HXJI OH 0 dry Hel H:q" ~ 0JoH
CH C ~ +N=C~N ZnCI2· I h- . I ~N

3 - CH3C C
HO HO ~H .Hel

~H20 (reflux)

HO~H~
CH3COVc~N

HO ~
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145.

In the above scheme, steps band c could not be

achd cved desp i.t e the fact that tUlPA vra s used instead of

the 1,2-dir.\ethoxyethane that was cnpl oy ed in step a.

\lhcn .oth reactions wer e carried out in Hf'lPA the probl em

of solubility VJasremoved, hut the expected products were

not 0 tained.

II. N-methyl schu:nannificine (SRB
3
)

The e.Leracrrt al. analysis gave on indication that one

N-methylschumannificinc (SRB3), which had a m.p. 208-

~09° was obtain~d pure by fractional crystallization from

nct hano'l of a Mixture of SRI33 and SRB
3
'. It was shown to

contain nitro~~l (rnicroRnalysis) ~nd gave a positive

alkaloid test kith Dragcndorff's reagent. It gave a

positive rhpnol test with ferric chloride solution.

17101 cc 1e of m~t anol W'l.S picked up dur Lnc the fractional

crystal Lzat Lcn, !\!-MPt;yl schur:12nnificine (Sl-m
3
), with

nol e rul ar- iC:1, r'+ 33! (just 14 units grE::atr'r than that

0::- SR34) was assi.qned the molecular formula, C
1
{117J06-

SEE3 was found to be closely related to SRB
4
-

Cor-p ar-Ls on of tl e :n.R spectra of the two alkaloids taken

in dcut.propyridin€:, t hos r- of their diacetates and

dimethyl ethers taken in CDC1
3

showed that the only
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0,. Relative Abundcncc--
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en CP 0
00 (") 0 C)
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'9
(.oJ
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67 69
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146.

difference between SR3
3

end SRn
4

was a three proton

singlet wh i ch appeared at 52.95 in the N1'lR spectra of

SRB
3

and its derivutives, and was assigned to ~1-CH3'

but w as absent in S~B4 and its derivutives. SRB
3

was

therefore regarc ed as the N-methylderivative of SRB4'

hence SRB
4

and SRB
3

were numed, schumunnificine and

N-methylschumannificine respectively. SRB
3

vias assigned

the following structure 147.

Detailed study of the mass spectrum (FIG. 34)

of r:-m(~t:lylschumannificine uctually showed that the

fragnentation pattern WQS similar to that of SRB
4

, thus

confj rT:ling their close relationship. The proposed

fragm<.::ntation pattern is shown in schemes H3a, 18b and 19c.

Pror:li.D('nt among the pc aks obs erv ed in the mass spectrum

of SRB3 we r e r 1'1+ 331 (97), mle 313 (1.6), 303 (22), 21
/
(22),

218 (39), 206 (20), ;>05 (100 - base peak), 193 (52),

192 (~7), 189 (22), 164 (12), 112 (34) and 69 (44). The

per c c r tage rc>l at ive abund anc es are shown in the Parentheses.
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147.

Qnd arom~tic h2nds at 1575, 865,

::pectrum (FIG. 35) 5ucgestcd the presence

of ilycro::yl

-1\3l.5 ::!!-1d820cm -. The UV spectrum (FIG. 36) of the

3.89),260 (log c > 3.90), 277(1og c > 3.89, sh), 290

The PI lIt spect_cUT:\ (FIG. 37) t.ck cn in deub?rochloroforrn

(10C1 c = 3.90), 310 (log c > 3.95, 5h), 320 (loC; c = 3.96)

anrt 335-nm (log c > 3.98, sh ) , The abov e Clbsorption

D<.u:im21 w~rE' found to be v('ry Sil:1il ar' to the cl1i:.'\rncteristic

c nrc mcno ::,\bs()r;:-tions.,

'::.;cwc the char.,:lcteristic chr()ffiol1ethree proton sinqlpt

at 62.39, which v~s the methyl group locat~d ~t 2-positi~n

of v-p:z'rone rin<;;. The three pr o t on sin'~let ,It 52.95 was

I
~'l"OUp ,-:.:),,--c:cLccdat fJ5. 7 es one pl.'cton c\ou;;l,">t (J=,L1112).
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11\8.

--

hydz oxy l t;r au, 's respectively. ':.'hc t··/o ;;ic,n :11S disapnc;::rcd

\,it;l t he- .,riditin:1 -f D",(). Thus, t:lt "IT.R spcctruT"1 SUS:ystu:
c:

u tot., 1 cf -:7 ,-Toto s •

....c et~'] -t ion of SRL33 in a mi:"tun of pyridine (md

.?cctic.lllhYdr:'dc SiW': cry:.;tclls OJ.=i; ,: dia.cetcttr: (2.1Z; Ri =

-1(C=O), 1620crn

.j' 1.1.R sp cc t rum (FIG. 3::») of tL(~ di dCpt .t c of

h'Z1S th, ;;l)~.fting of the one pro{:o" J ~i.l~l c·t at 55.70 in the
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in poor y::"elds. In an at t cmpt; to obtain the dimethylether

149.

Diazomethane meth~lation of SRB3 gave a mixture

of two compounds, one corresponding to the monomethylether

and the ether to the starting r:Jateria~. The monomethyl-

ether was never obtained pur e :")ecause no good separation

could b p.ffectect on a column of silica gel since the R
f

v al.ues of the starting material and the monomethylether,
wer c v('ry close. However, this partial methylation

product Hith diazomcthune showed in the NMRspectrum the

phenolic hydroxyl group at 512.40 to be hydrogen-bonded

'/hil e the secondary alcohol Hns methyl at ed , The methoxyl

proton signal appeared at 5~.48 as a three proton singlet.

'j.'rC0.tl!1entof Sf{B3 with a nixture of mot hy l, iodide

80
and silvpr oxide in chloroform gave the nonomethylether

of SRB3, the above method Was modified. Instead of

stirring the reaction mixture for 10 hours, the reaction

mixture was refluxed for 5 hours. This afforded the

1 2 0dim(""thylether of SRE3, (147; R =R =c:a3) with ms p, 169-172 •

The lJ}IR sp cct ri..im (FIG.40) c: owed the following proton

si~,nals: 52.35 (3H, s , -CH3 at 2-position of y-pyrone),

62.93 (3H, s, assigned to >N-CH3), 53.48 (3H, s , non-aromatic

-OCH3), ~J.O - 63.8 t su , fl., CH2 and ClO, <55.74 (lH, c ,

J = <'1:-:z,proton e.t the base of -OCH
3
), 5G.05 t rn, s , proton
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150.

at 3-position of y-pyrone) and &6.40 (1H, s, aromatic

pro tcn) , The NHRspec t rum therefore sugg •...sted a total

of 21 pr-o t ons , which was in agreer:1ent with the expected
~

mol ecu I ar formul a of the dimethyl ether of SRB3, that is,

C19H21 NO6.

As already mentioned under the discussion on SRB
4
,

the alkaline hydrolysis of SR33 gave as one of the products,

a compound which was id entical v,ith 5, 7-dihydroxy-2-

mct.hyl ch.romone , The nitrogc'n-containing portion could

not be isol at.cd , The reason for t iLs had earlier been

sivon Uncif'r the discussion 0 sc humanni.f LcLn., (SHB4).

It is I!orthwilil ~ at tJ is st age to ccrnpa r e both the

rhy,->ic<..l coris t arrt s G..d the spectral dat. a of the two

21J~ul c id s, schurrannLfLcLn» (srn 4) and IJ-meth~.'lschumann i-
,

ficin..,. (SR33) with those o:f the two s i rrd I <lr alkaloids,

46 -md 47 isolated f r om Schur:lanniophyton problematicum6

which wer-e c all ed piprTiciine-2-one aLka.loLds (no specific

names Wf-rc givon to them).

46--'
47

R = H

R = CH3
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TABLE J

1,)1.

.--------~~--------------~------------.--~----------------~--------.---------':Ci,lCU;;n
4f

:1- .~~L·LS::·1t1L.\'!!:I_
F=CL,~ (.JT\l31)

H·Pt.
(Reeryst
. from)

Nolecular
ion/Mol.
Formula

UV(MeOH)

) -1~R( em )

234
0

(NeOH)

f>1· 317;

loge-220
225
253
2GO
280
290
310

320

4.13

'1.13

3.86
3.88
3.88
3.85
3.95
3. 6
3.97

3CO-30(BtOH)

•H 289;

A:nm loge-

208-2090<r·leOH)

C J1 NO
17 17 6

loge-
?25

4.12

4.12

,

COHPOUND
47

333

(Uujol)

3150 (-I r)

1710 (\-I) ,1C'iO,

1620 (>c=cd

1165, 1090( -0-)

205 4.35

253 3.89

309-3130(EtOII/
Benzene

A.nm

205 t..35

225 4.18

260
277

3.90
3.89

225

251

257
L .22

4.23

251

257

tl.25

11.27 290 3.90
3.95
3.96
3.98

295

318
3.77

3.66

295
318

3.78
3.68

310

320

335

'V. (l:ujol)
r.1C'X

3360,..)1 0 C-Olr),

1670,1630: >c=C<),

1575, 865

( C1rom-ties)

\)max (KBr)(Krlr)

23T' (-!.IIi)

3300.....,2400(_OH)
3400,.,?480 (_.Ot1) ,

1670,1 szc >C:.:C<>,
1600 (:>c=cd1670, Hi25 ,>c=C<

1600 (>c=cd
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t Table 3 corrt.d , ,

152.

ruSS
Sf. ectru

SCHUl .Ai fNIFICIIIE
(SRB4)

d5-1~yridi (:

:.30 (ullyl C1l3)

6.20 (vinyl H)

6.62(2H, s,
aroT:1atic and a

~roton at the

base of -OH

which \'JaS

05• 7 in CDCl_)
.j

299,~45,')31

218,217,?C~

193,192 (bc.sc

1PC),1GL!,1G3,
lL1O, 124.

cor·jPOUND
4f)

d
6
-Df1S0

1.6-3.8 (7H)

2. 38( allyl
CH

3
)

6.16(vinyl H

6.30(arom.H)
7.53 (-NH)

10.88 ( 7-CH)

12.9 (5-0H)

N-l :ETHYLSCllUl:t\iIlJI-
FI:::TrIE (SRB

3
)

CDC13
2.39 (allyl CH3)

2.95 (N-CH )
3

3.2-3.6 (6H)
5. 7(H at the base

of OH)

6.06(vinyl H)

6.30(arom. H)
6.80 (-010

12.40 (-Ol-i)

!'/e 331 0'+)

313,303,245,
219,218,208

;>05 ( ase peak)

193,192,189,

164,112,69.

e::OHPovrID
47

d
6
-Dl'1S0

1.6-3.8 (7H)

2.36 (allylCH3)

2.84 (>N-CH
3

)

6.14 (vinyl H)

6.26 Carcm, H)

10.89 (7-0j-I)

12.90 (5-0H)

mle 303 O~+),

272,245,244

231,218,217

216,205 (ba se

peak), 193,

192.

272,2( ,2114

;D1,~29,219,

218,217,216

20S(bof'e

p<'ak)',

193,192,189.
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153.

/

Comparison of the physical and spectral data

represented in Table 2 for the reported piperidine-2-

one alkaloids, 46 and 47 and the new alkaloids schumanni-

ficine (SRB4) and N-methylschumannificine (SRB3) confirmed

t h at; the two sets of alkaloids were not identit:al.

:lo\;c'-r , the similarities observed in their fragmentation

patterns is a pointer to the relationship between them.

The chromone portion of the two sets of alkaloids is

clearly established in the NMR spectra of the alkaloids

by the absorptions at 52.38 (3H, s, CH3 at 2-position of

y-pyrone), 56.16 (lH, s, proton at 3-position of y-pyrone)

and 56.30 (lH, s, aromatic. proton) for 46 and at 62.30,

&6.20 and 66.62 (shifte~ downfield by deuteropyridine) for

schumannificine ~SRB4); at ~2.36, 56.14 and 66.26 for i1
and at 52.39, ~6.06 and 56.30 respectively for N-methylschu-

mannificine (SRB3). Also, in the mass spectra, apart from

schumannificine, others, 46, 47 and N-methylschumannificine

have mle 205 as the base peak while the following fragment

ions are common to the four compounds, m/e 245, 218, 193

and 192. The fragmentation patterns of the compound are

similar in some respects as shown by the fragment ions

quoted above.
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.le remaining
•

t.hree alkaloids, SRB
2
, SRB3' and

SHB3" had a few things in cornrnon. They had the same

molecular formula, which was obtained from the microanalysis

to be C., H9HOS- This was confirmed to be consistent with• ...6

the molecul ar ion, JvI+ 295, given by the mass spectrum.

It was quite clear from the comparison of their mass spectra

that the fragmentation patterns were very similar. The

major difference was found in the percentage relative

al.unc enc e ,

However, it waS abundantly clear from their m.p., IR,

and UV spectra that these alkaloids were different,

oil t 'vou qh they might be related. The lJNR spectra of the

t.h r c e alkaloids could not be obtained because of solubility

oSHb
2

had a rns p , 290-292 _ It was recovered from the

t.L'. ,t-n'~'nt of d mixture of SHB
2

and SR8
3
" w.i t h aqueous

i}T1!' oni.a and We-,S shown to contain nitrogen (microanalysis).

It ~~ve rGsitiv~ alkaloid test with Dragendorff's reayent

e.nd r os i.t Lve ph eno L test with ferric chloride solution.

The mass spectrum (FIG.41) indicated a parent Peak at;

+
295 (100 - base peak), which Was in eccor d anc e with the

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



()
",: '

155 (1

, --I;.' 'I
1(' .\
~ ;:

!

80,'\

oj

t ,

... ! ..
" . IL' ':
! \ !~>
il " .

t , j -,r

I
I

i
":.1

I-,
:: . i
, :!

j ~ I

\ I :' \ii
\; :1!:
\:

, J

\'

\
Fig. 42 ----t· - .1 --T'

.i .. i.::"':
--14 i :;: 0iJ

------ - _._-_ ....

;"':~"I"!S) -I I 1L
I I" I .. I' \..~ I .,.

,. "
\' t r , '•.. '" J I ,- 1

---!_-----_.- .--.-'-j---
;t}j-J,

I
I~()'''\'' '

I~'C',
1Iccu \

~RIr:1 [. cov ~ N .__.__ "_~' r_- 1-- .... -. --- - .-. -.. ----
d'

SAMPl::

uv

••

'7 t

I

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



--~~-~:-=-=.':-=.;=..=-=~-=~~=__~'~~~,:-~~~ll-~'-\=~~\.-',~"~-,..~---:-:-.. (- i

__, i/v r\J •....1" U. I U 1._ •• '-j \ '- '
J/lt)(J' ")r:.no "Lo,no 1c;nU" ,-, ""'f" p(',n 700~v· ..•\. ....)'1.... 1-1...; .., /-'\..) "'-~... --

. :. ,,! ,.' <I, ! I . !', I I " t I 1 ,1 ,,; :.: 1 ' , 'I' I '. 1 I 'I " I • I. " , " I 1 I I

-100 m=lb~'~ ,I.;,r~:-~T:::;:;f':-;~;/0 r~:c-:~_.,~-:-; - 1 5 ;-'::::"C;-=Y:"7= ,- ~-:-,=-~-=j~.:r ;'r affi'F+:~:"'f.~-I:;-lT'T"-T -J.; 5 b .• .11 --:.i-. ,-:j-~~---:--..: t

r----- -- --- -,--------- \j\ - - -'''-'-''-' \ r·---· --jc I-::',i~::-~ >-:-~;:-"':~'i-:-~~-~, t -; ; l -. :-;"--c! ,!. Oi~:i~:-+[.:'~::-~-:-:-:--:J

. 3. 4 5 (.. I t, ';; :() 1 i ! J 13 lti j~

v \tV 1\\IE LEN G j- ;'-1 . ( l'''i i C RON S ) I ,- I

~

~.~..... ' ... _" ~-.~
.: -.--. =""

•.•......-..""

,
II ' / --- - - I r: / 1

. 1\ I ,. r: 'N (,':::;~r, WS i C I !T N '-':"!.!:!.~_S::'~'iPLE AC B,. f . _ I?r..\S ':: .J: -------·----·-1 ::~_n, oJ •. _ ~ ••••• -.:----..::-- _ ~LI .- I
! Q .1 e..<t.11YJ~(}1- ;-J1.fi-. /r().O/l/o·dMC I . ~f I DeRA-TOR NIl'-;, DATU3.~~'t '\/.Jj7Y' ,-. ~ SOLV'\il v,_ "- .. z

Ci.r 1f5V C . ~-, 0

! .co,;c_~_ . IREMAR'KS . ------- ,-~ ,'f
Ie 1'1-' -- II: ,- -,-'.,'" ., -, _.-----

ORIG IN ~ ! " -.:--:'\EN CE --:.::--======-J..=-::::-===========-I _

J•1
j

1;

P,A,RTNO. B7E - 1281 . ::'::;:<!f'~ - ::'U"i::'i~L1ivj iTED. BEACON$;=i ELD. BUCKS
I

\

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



155 •.

vlith th.: percentage relatil/e abund ance s put in the p ar-crrt h es Ls r

268 ris i , 255 (19) 240(5) 238(5), 277(7), 199(5), 171(6),

127(5), 115(4), 85(5), 69(3), 44(13) and 43(5).

The infrared spectrum (FIG.42) of SRB
2

proved to be

identical with that of the dehydrogenation product ill

of schurnannificine. The IR spectrum showed the carbonyl

-1 -1 -1Absorptions at 1740cm ,1660cm and 1620cm • The UV

sp ec't rum (f'IGOo43) had absorption maxima at ~ 257 Clog £ •••
"max

4.38), 263 (log t:::; 4.44), 268 (log c. 4.44), 321 (log £ =

4.05) and 330nm (log E: - 4.05).

The acetate of SRB2 which Was obtained by heating

SRB~ in a mixture of pyridine and acetic anhydride for
c::

o282-284 • The infrareda mOop.

:;pcclrurn (FIG. 44) was identical with the infrared spectrum

'_. Uk oc etiet:e of the dehYdrogenation product, sholving bands

-1 -1
z.. t 1750cm ,1660cm for the carbonyl absorptions. The

m, p , s for the dehydrog(~nat ion product ~ and its acet ate

vuu:«: n:spcctively, 294-2960 and 285-2870C.

From the above spectral arid physical data and

C(). 'i,urison with the dehydrogenation product and its ac et at e ,

SHb2 was concluded to be identical with the product of

-:i c:hydrogenation 142 and was therefore named dehydroschumanni-

ficine •.
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In actual fact no derivative of SRB3' was prepared

156.

IV SPJJ •3

om s p ; 280-282 C,S~ • C H NO (1'1S,microanalysis),
3 16 9 5 \

did not give any positive test with Gradendoff's

reagent. It gave a positive ferric chloride

test.

From the mass spectrum (FIG.45), the molecular ion,

M+, was obtained to be 295 (100% base peak) which agreed

with the molecular formula. Apart from the parent ion,
,. other prominent peaks are shown below with the percentage

reletive abundances shown in the parentheses. 294(12.4),

2C7(18), 240(10), 239(17), 212(12), 171(8), 143(8), 127(8),

115(10), 100(5), 67(5) and 43(13). In the IR spectrum
-1(FIG. 46), the hydroxyl absorption appeared at 3445cm ,

. 1 1· 7 -1 .wh:u.C· t.h e carbony ab aorpt.Lon s occuz-ed at 1 45cm and
-11G20cm •

Th~ UV spectrum (FIG. 47) showed absorption maxima at

~ax 223 (log e II< 4.19), 227 (log e > 4.19), 244 (log e c:

3.99), 249 (log ~ - 3.98), 287 (log E: - 3.90), 294 (log e =

3.90),332 (log e > 3.82) and 340nm(log e'" 3.77).

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



r .

•
157.

and no degradative work was carried out because SRB3'

occured in trace amount.

The fragmentatio~ pattern of SRB3' was similar to

that of dehydroschumanni£icine 1i£ but there was a slight

difference in their IR spectra. SRB2 showed carbonyl
-1 -1 -1absorptions at 1740crn ,1660crn and 1620crn while

-1SRB3' showed its carbonyl absorptions at 1745crn and

1620crn-1• It could be suggested then that the y-pyrone

carbonyl absorption was reduced to 1620 due to hydrogen-

bonding. On the basis of the similarity in the fragrnen-

tation patterns of SRB2 and SRB3' and the low carbonyl

absorption of the v-pyrone carbonyl absorption, structure

~ WaS proposed for SRB3'.
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';58.

V. ;';Rf:>';l II

SH133" \.rhich L.d .3 m.p. 248-2510
, was assigned

co nt; clin 01 trogul (r .Lc L'odnal y s Ls ) and q av e a po s Lti v e

posi tive test wit,h f~"Lclc chloride solution.

From the mass spectrum (FIG.48), the molecular ion,

1,+
'I , 1tJ<.'S 295 (100%-base peale), which was in accordance

with the molecular formula. It showed in addition to the

p a r-on t; ion, th(-~ f oLkovr.i nq p e ek s , 267(69), 266(11), 260(31),

24C'(-Jl), 239(11.5),238 (8.6),227 (11.8),199(5),171(8),

-::113(7),115(6), "nd 39(8). The percentages of the relative

In the IH spectrum (FIG. 49), the hydroxyl group

df·pe:ar(;d .-it 3200cm -1 while the carbonyl absorptions showed

-1 -1
up i1t 1.GEJOcm , If.60cm • In the uV spectrum

(FIG.50), the absorption maxima, ). appeared at
"m ax

~'25(sh, log e •..::.1.96), 232 <log € = 1,.• 14), 240 (10',) € - 4.16),

(..u (log € = 4.03), 315 Oog e = 4.03) and32)1IT1(~.!lt 10-:;' € ••

3."70). J'he values wer e similnr to those obtained for

5,7·-djhydroxy-2-methylchromone, schumannificine (,SRB
4
) and

r~mGthylschumannificlne (SRB
3
).
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159.

The fragmentation pattern of'SRB
3
" was similar to

those of SRB2 and SRB3' but there was a marked difference

in their IR sp~ctra. SRB2 showed its carbonyl absorptions

-1 -1
at 1740cm ,1660cm , the carbonyl absorptions

for SRB3' appeared at 1745cm-1 and 164Ocm-1but those of

oSHB3"appeared at 1680cm-1, and 1660clft-1. In

SRB3'" the characteristic chromone carbonyl absorptions were

shown -1at 1660cm " .but; 1680cm-1 which

-1
\'If,S low compared with 1740cm for SRB

2
could have been

as a result of hydrogen-bonding effect on the carbonyl in

t.h-: v-position to the nitrogen atom, hence structure ill

,
149

ThE: synthesis of dehydroschumannificine ill, and

f'.lL-ther chemical investigations 'are expected to continue

on SHoJ' and SRB3" to allow the assignments of their correct

st ruc+ur t-'s, if at ("Ill they differ from the proposed

st r'uc t.ur es ,
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160.
"

CONCLUSION

Chromones and the related alkaloids.

Chromones rarely occur in Rubiaceous plants. The

most outstanding of the chromones which has been reported

to occur in Rubiceae is 5,7-dihydroxy-2-methylchromone 21.
6In Schumanniophyton problematicum and~. magnificum

5, 7-dihydroxy-2-methylchromone occured with other related

alkaloids. The co-existence of these compounds is of

biogenetic significance. The biosynthesis of 5,7-dihydroxy-

2-methylchromone and other chromones has been well documen-

ted54-56• Although, no nicotinic acid derivatives had been

reported isolated from~. problematicum and ~. magnificum,

it could be speculated that dehydroschumannificine ~,

SRB3 '•.and SRB3" were formed in the pI ants by acyl ation of

5,7-dihydroxy-2-methylchromone 21 with nicotinic acid

derivatives. Subsequent reduction and hydroxylation of the

pyridine ring of ~ would give sehumannifieine (~; R1.R2•
3R =H) and N-methylation of sehumannifieine would afford

N-methylsehumannificine (147; R1.R2~H).

Haeseh Synthesis.

::.'hi.sis an established method of synthesizing

~,4, ~trihydroxyaeetophenone96. However, the method has been
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Vt ry us c fuI in Lnt.roctuci nq t he ke t.o group into the

phLozroqLucLnoL r, s Irtuo via the nitrile. Various nitril(~s

hi..tVf.: b. e-n on.p l oyc-d in this type of synthesis, ranging from

al iphatic to ar-om at Lc ones, but there was no report of the

us e of nicot1nonitril e. When the reaction between phloro-

91ucinol and nicotinonitrile was carried out in ether,

there was no reaction. This might be due to solubility

pr obl em, but 1, 2-dimt.:thoxyethane served as a better

solvent under tnis condition.

I:lh£11 2,4,6-trihydroxyacetophenone and 2,4,6-trihydro-

xynicotin~OOl~E. were t r cat.ed w i.t h nicotinonitril e and

2c~tonitrile respectively, the expected product could not

bl.:: ,:J'..lt."inc'-·d. Th1s could be: due to two factors. The first

:).:1n,. thE: dcac t I v .,ting c f f c-c t; of the keto group on the

b- nzene ring. The Sl.'COJ1d factor is attributed to the

'()~':.i~).dityof at.t ack on the c ar borryL carhon in such an

,.:idic i~t:dium. 1'(1(' [:;':"OC(c5S of such an at t ack is shown
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H

HO

•

or ~
~N

•
HO

Scheme 21

If the process in scheme 21 was predominating over
+the attack of RC = NH on benzene ring, then the expected

product could not be obtained.
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163.

EXPERHIENT JlL

Ultraviolet and Infrared Spectra: The ultraviolet (UV)

absorption spectra were measured, unless otherwise stated in

methanol with Perkin-Elmer model 137 instrument. The

infrared (ir) spectra unless otherwise stated were

measured in Nujol mull with a Perkin-Elmer Double

beam photometer mOdel 137 instrument.

Nuclear Magnetic Resonance: The nmr spectra were

taken on a VARIAN T-60 N!1R Spectrometer in deuterochloro-

form, unless otherwise stated with tetramethylsilane (TMS)

as internal reference. Chemical shift values are in 6.

Nass Spectra: Most of the mass spectra were

obtained toJitha Perkin-Elmer Hitachi R.M.U. 6E

instrument and at the Institute of Organic Chemistry, at

the Technical University, Darmstadt, H. Ge rm any ; f.1icro-

analyses were carried out by Hr. P. I. Nowete at the

Chemistry Department, University of Ibadan and at the

Institute of Organic Chemistry, Technical University,

Darmstadt, \'1. Germany. All melting points (m.ps.) Were

taken on a Reichert Akt Hicroscrope Hot plate model and

were uncorrected.
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C1.r<.)!~i"tV(_.r.··;l';lY('.'.J .".) wer e ma le by mixing 809m of Herek

Kie.,c.Jt]d ECl:F 2:,1+3SC \·Jilh 1UOcmJ of distjllE!u water

C;i1l0spre.:..din,.; t.n-, ac.ucou s sltu:ry on a 20 x 100crn plate

dlr-Ofl1i:ttogrophy \"<.15 r- (··rformed on a slurry of kleselgur

G. tijt ..zck silica gel (70-230 mesh) and the silica gel

u s ed for column c;1rc'l!\dtography refers to merck O.OSmm-

C.':rr,IO m(~::,h. Solvents we r-e purified using standard

t. agent r.~fcrs to u ~G]utiGn of Bismuth sub-nitrate (1.79)

In d ~lOCcm3 c.f II O-!IOAI_ U,:l) aud potassium iodide (40g)
'"l

-=\in :00Cffi- of waL~r.

The l."out-b .,::::-k ol..lt,"ilWd fl.-om t.n e tap-root of

1-'\.ll \'er' sed. The grmtnc1 material (4kg) was then successfully

cxtr ac t ed in a Soxhlet extractor ,.,.ith hexane (24hrs) and

methanol (24hrs).

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



1(-)5.

i.cduc ed r~CC~5Ul.·f: Wd.S ] eft at; room temperature. After two

dClYS, d precipit..;tt..' settled witt. an oily upper layer.

'I'he: oily laYt::l:' (SOOcm3) was o ec ant ed and transferred

to (1 aep ar at.Lnq funnel. This was ext zacted with hexane,

ether and chloroform in that order.

Further extractions VKre limited to the use of hexane

and ch1orofoun since all the compound s in ether extract

1tJ12Le found in cnl()r:of0rm extract, except one, which

[orril(~dthe mdj or component; of hex ane extract .(t.l.c.).

The h ex en e ex t r-ac t s we r e concentrated and preserved. The

oily 1dyer was e x t z ac t cd several times with chloroform

<lite. the v.ir Lous ext r act.s f:vaporcted on a water-bath.

'.:.';-\E;;;:;ever Lous exlz ac t s yielded brown crude sol.f.d s , which

were left for some days to <1110\-'cornp.l eti e r emovak of the

:,olvc·nt. Abc u t; ~O.8g of the crude solid was recovered

f rcrn 4kg of mah·ria1 wh Lch included the crude solid

1 ,'cov;,rt2d f rom the pr ccLp.it ate wh en ext.r act ed sev~ral

:.' .. ·,0S 1tlltll chf o.r of or-m; The wdt<.:r s ol ubLc oil (80g) lLft
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Fi.lot thin layer chromatography plate of the chloroform

The

d~i(~ ildLe was sprayed with Dragendorff's reagent. The test

1'1~oV~"-:d~I()sitive for four compounds, SRB2, SRB
3

, SRB3'" SRB3"

.'1n<..l JRB4• The positive colour was red. SRB3' which did not

'.·;iv,.; the positive colour on spraying with Dragendorff's reagent

~~J:ov,_:dto be a nitrogen-containing compound (from microanalysis).

'I'll( unalytical thin layer chromatography plates used in

:>ilu:"'il,g the reactions were prepared by spreading a slurry of

..:.'::"lic,·, ~;,-l (70-::'30mesh) as Eovenly as possible onto the microplates

(sl~dL~). The slurry was prepared by mixing silica gel with

',."rIL,1.· (rr"lLio 1:2). TheSE: were dried or cultivated in the oven

S ot s of the. so l ut Lon of the required sample were made

on (:"': L.l.c. r:-L;b.-::; by lO',,·>nsof micro capillary tube (spotting

tl.tL. :.,). 'rll(; [.,lLtcs vl( riC.' d--v eLoped in a mixture of sol vents

',' !1'1 L •..it t(.I ury. 'l'hese plates V'Jerefinally t.r ansf e.r.red

L-1Lo a L(c.ker containing iodine crystals for visualization of
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3(16g) WaS dissolved in chloroform (100em ). To

•
167.

Tl:l...ubl nt of c ruo ::.suliLl \JiUl dilutL HCl.- '.

3( 1OOcm ) wu added and well

shaken. The chloro£oLm layer (from t.l.c.) contained

all the compounds almost in the Saine proportion ••

'I'\)e ac i.d 1 ayer was basified with dilute ammonia solution.

1':1d',: ~'1;}!.) no immediate precipitate. It was shaken and kept in

lil': col d.. The compouncls in the basic solution wert extracted

i:11:C cIlc..,roform. All the compounds were represented in the

(;,'110J O:'clln Ic·xtract. The solid recovered on evepoz et.Lon of the

l::i~.. ::;0 11..1'..:.Ion of thE: c r ude solid in chloroform was added silica c;cl

l', ;, ",' ill":O iI slurry_ It \4aS then introduced into a column of

::1' :t.:"(·j wit h Lther/H':,xane (1: 1) afford ed SRB (the ch romono)
1

""';"- r'cystals (1.5S;) ms p , 274-2760• (Found:C:62.78;H: 4.54.

I.,
f' .1 clil.E:S for C; 62.50; H: 4.2il}. MOlecular lon, M+ at rn/c

•..) 3420-262CcHI-1 (-011 gr",.ups), 1660, (-CaO), 1560, 1500,

l:LL. J • " 01e0H),;:>1 7nm'r.\ax
€ "" 4.21), ~57 Clog

e "" 3.68).

-1
I,ll 820cm (~ubstitutcd i:.romatic rings). 1165cffi -- ..,t:l'::r

. -,

(log e::: 4.21), 227 Oog e > 4."!8),

£ Q 4.22), 295 (log e ~ 3.83) and

c-
t.
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•

<; i,m (d
6
-0r1!JO), ?;~7 (311, s,-ClI

3
), 6.08 (1H, 5, proton

at 3-position of v-pyrone), 6.18 (1H, d , J •••2H..:.,aroraatic),

G.28 (1H, d; J = 2Hz,dl."OInc.ltid, 12.7 (1H, s , disappeared

v;i I::h D')0) •
c:

Fur.ther dution wilh CHCl3/Ether (1:1) gave a mixture

of Sr.~j33and !:iRB3' (SOOmg), which on fractional crystalliza-

o
tio'n f r-ornmethanol afforded SHB3 (500mg), m.p. 208-209 •

(Found, C: 59.39; H: 6.02; N: 4.15. C1t\7N06·tv1eOH

required C: 59.49; H: 5.83; N:.3.86}.

;,+ 3';-1 (97%), m/e 313, 303, 219, 218, 208, 205, 193, 192

139, 164, 112 and 69.

vr,I::':;';: :'360...)180cm-1 (-OH group), 1670, 1630cm-1 (-Ca:O),

1575, 865, 845 and 820cm-1 (aromatic rings).

(1", 'OH) , :::2C'nm (log e: = 4.12), 225 (log s "" 4.12),
''''l.:lX

1!5 "3 (log e: = J.P9), 260 (log € = 3.90),

~:77 Clog € == 3.89, sh ) , 290 (log eO;: 3.90);

310 Oo,=! € = 3.95, 811) , 320 (log € "" 3.96) and

3JSmu (100 e: = 3.98, sb ) •

.sPJ-n\ CeDCI) 2.39 (3H, 5, -CH3), 2.95 (3H, ~,-N-CH3)'
3.2 - 3.6 (6H, m, CH2 and CH), 5.7 (1H, a,

J It: 4Hz, protor. at the base of hydroxyl group),

6.06 (111, s, proton at 3-position of y-pyrone),

6.30 (lH, s, aromatic), 6.8 (1H, d, dissappeared

with D20) and 12.4 (lH, s disappeared with D20).
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•

Elution with chloLuform/Eth~r (4:1), gdVC a little

al!10Jlit or pure SRB~ (SOmg) while continuous elutionl.

\lith tb.:: same solvent mixture, chloroform/t.;ther (9:1) and

pu,r e chloroform gave in both cases, a mixture of

SRB
2

and SRB3" (1.8g). Further elution with methanol/

ochloroform (1:1) gave pure SRB4 (300mg), m.p. 234 •

(FOillld C: 60.84, H: 4.86, N: 4.47. C16H1SN06requirE'd

~:60.~6, H: 4.77, N: 4.41].M+ 317 (12.1%), mle 299,

245, 2~1, 218, 217, 205, 192(100 - base peak), 189

164, 163, 149 and 124.
4P ••1 "

\..~':dX (rlujol) 3150cIlI (-N-H), 1710 (W), 1650,

(-CzO), 1165, 1P90crn-1 (ether linkage),

l':iflO, 845 and 720cm-1 (substituted aromatic rings).

) Oie0H.), 220 (log e = 3.86), 260 (log e > 3.88),"n.,»:

2(",,0 00g e :~.88) sh ) , 290 (log It"" 3.85),

310 (109 e - 3.95, 5h), 320 (log ( •••3.96) and

"j '3" "lit: (J. (H: c > 3.97, sh l;

Cl'pn (dc::-C H5>0, 2. :;0 (3H, s; -CH3), 6.20 (1B, s , proton
:;J 5

dt 3-position of y-pyrone), 6.62 (2H, s, aroHlatic

})rnton and a proton at the base of hyd ro xyL group).
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SHB3' ''''-is obtained as pure ne edLe-l ike cr-ystat s by

l<:crystallizing from chloroform, the residue compound

1eft ufter fractional crystallization of SRB3 from a mixture
() _ 0

of SitE3 anct SHB
3

'. Pure SRB
3

' (30rng) had a msp , 280 -282 ~.

!}'QUnd c: 65.25, H: 3.24; N: 4.46. C16H9NO
S

required

c: 65.09, H: 3.07, N: 4.74).

H+ 295 (tOO-base peak), mle 294, 267, 240, 239, 212, 171,

143, 127, 115, lUO, 69, 43.

v
tn

.x (NujoU 3445cm-1 (-OH group), 1745, 1640cm-1 (CcO),

-1 -1
160Ccm - (-C-C-, aromatic), 1160, 1080cm (ether

Jinkages), 915, 850 and 830cm-1 (substituted aromatic

rLn r.s ) •

A Oic.OH) 223 (log E: "" 4.19), 227 (log E: aa 4.19),
rnuX

744 (log E: '"' 3.99), 249 (log e'" 3.98), 287 (log E: ""

3.90), 294 (log t •• 3.90), 332 (log e. 3.82) and

Tr...;;:.tment of a mixture of SRB2 and SRB3" with
.<iqUeoUS ammonia.

3
Aqueous ammonia (10cm ) was added to a mixtUre

of SRB2 and SRB3" (200mg). The mixture was allowed to

st"nd at room temperature for 24 hours. The undissolved

[,. ,1 id was recovered by filtration. It was properly dr.-ied.
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The filtrate was acidified with dilute hydrochloric

acid after it has b~en transferred into a separating

funnel. The compound v,as extracted into dichloromethane

and the solid was recovered after solvent evaporation

on the water-bath. The two compounds were separated

(t.l.c.). ,The undissolved solid wa~ SRB3" while the

compound that went into aqueous ammonia was SRB2•

SRB2 (40mg) had a m.p. 290-292oC.

~ound C: 64.85, H:3.43; N: 4.64. C16H9N05 required

C:65.09, H: 3.07, N: 4.74}.

1':+ 295 (100- base peak), m/e 268, 255, 240, 238,

227, 199, 171, 127, 115, 85, 69, 44, 43.

-1\) OIujol) 1745cm (-C=O), 1660, 1620 (-C=O),max
-11590cm (-C=C-, aromatic), 1260, 1165, 1120,

-1 -11060cm (ether linkages), 870, 845 and 780cm

(substituted aromatic rings).

~ax(CHC13)' 257<1og e = 4.38), 263(10g e > 4.44)

321 (log e = 4.05) and 3'30.nm(log e > 4.05).

oSRB3" (85mg) had a ms p , 248-251 •

(Found C:64.90, H: 3.29, N: 4.74. C16H9N05required C:

65.09, ': 3.07; N: 4.74J.
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+M 295 (100 - base peak); mle 267, 266, 260, 240, 239, 238

227, 199, 171, 143, 115 and 39.,
-1 _'I

V. (Nujol), 3200cm (-OH group), 1680, 1660, 1620cm •max
-1(-C=O), 1590cm (-C=C-, aromatics), 1210, 1160,

1100 and 1020cm-1 (ether linkages), 970 and 840cm-1
"

(substituted aromatic rings).

) (HeOH 225 (log e > 3.96, sh l , 232 (log E: 1:= 4.14),
"max

240 (log e- 4.16),260 (log e > 4.16),310 (log ea

I'm4.03), 315 (log e > 4.03) and 323 (log e" 3.90, sh).
A

Acetylati~n of SRB1 (the chromone) .

SRB1 (5Omg) was dissolved in pyridine (lcc.) and

~lC~~ .: anhydride (lc.c.) was added. The reaction mixture

was 1 eft overnight to stand at room temperature for

24 hours, after which the reaction was complete (t.1.c.).

The reaction mixture was poured into water (5cm 3) and

shaken properly. Saturated sodium bicarbonate solution

was added to it to remove the acetic acid formed from

acetic anhydride. It was extracted into chloroform. The

chloroform extract was transferred to a separating funnel

and tre~ted with dilute hydrochloric acid. The chloroform

layer was removed and dried with sodium sulphate, filtered
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and evaporated. This gave the diacetate of SRB1,
o +"m.p. 137-139. M 276, with other prominent peaks at mle

234, 192, 164, 163, 124,
-1V 17GOcm (-OCOCH3),max

iSppm (CDCl3) 2.30 (3B, s , -OCOCH3); 2.40 (3H, s ,

-OCOCH3); 6.08 (lH, s, on v-pyr~ne), 6.80 (lH, d,;

123, 96 and 69.
-11670, 1630cm (-C = 0)

J "" 2Hz, aromatic); 7.16 (lH, ct, J "" 2Hz, aromatic).

Die20methane methylation of SRB1•

p-Tolysulphonylmethylnitrosamide (2.15g; O.Olm) w s

dLs soLv c-d in ether (40c.c.) cooled in ice and a solution

of potassium hydroxide (0.42g; 0.0075m) in methylated

spirit (10cm3) was added. After about 5 mins., the

ethereal diaznmet. ane solution was distilled directly into

the solution of SRB1 (53mg; O.28mB) in methanol.

After the evolution of the gas has ceased, the

reaction mixture was left oVl-!rnight. The reaction was

clean And complete (t.l.c. plate). Evaporation of the

methanol and purification on a column of silica gel gave

the pure monomethylether (30mg) of

M+ 206; prominent peaks at role

oSRB1, ~.p. 116-117 •

177, 176, 164, 149,

123, 95 and 69.
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1660cm -1 1620cm -1 (-C=O), 1580, 860, 840cm -1
Vmax ,

(aromatic rings), and 1165cm -1 (ether linkage).
, 210nm (log e -= 4.43), 230 (log e ••.4.34) 250 (log e ••."max

4.29) , 275 (log e ••.4.28) and 295 (log e = 3.7).

&ppm (CDCl3) 2.30 (3H, s, -CH3>, 3.80 (3H, s, -OCH3),

6.08 (lH, s, proton at 3-position of y-pyrone),

6.63 (2H, s, aromatic) and 12.7 (lH, s, disappeared

Methylation of SRB1 with dimethyl sulphate in acetone.

3SHB1 (10Omg; 0.S2m}1), dimethyl sulphate (lcm ; O.OlM)

anhydrous potassium carbonate (SoOmg) and dry acetone
3(40cm ) were heated under reflux for 12 hours. Removal

of the solids and evaporation of the filtrate yielded a

dark purple product. The proctuct, on treatment with a

solution of ammonia followed by water, gave no precipitate.

It was thfm exti r-ac t c-d with chloroform. Evaporation of the

chloroform gave an oil which contained two compounds (t.l.c.),

one faster than the starting material and the other slower.

These were separated on a column of silica gel. The

fast-moving compound corresponded to the monomethylether

(30mg), D.p. 116-1170
, while tht~ slow-moving component
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was the dimethylcthcr (20mg), msp , 122-123°. The spectral

properties of the nor.omethyleth~r remained the same.

The spectral properties of the dimethyl ether are

shown below.

5pprn (CDC13) 2.30 (3H, s, -CH3), 3.88 (3H, s, -OCH3),

3.93 (3H, s,- OCH3), 6.08 r iu, s , proton at

3-position of y-pyrone), 6.30 (1H; d, J = 2Hz,

aromatic), 6.44 (lK, d, J = 2Hz, aromatic).

II.cetyl~:tion of the monomethylether of SRB1•

The monomethylether ?f SRB1 (4OmS) was dissolved

in pyridine (l.c.c.) and acetic anhydride (lC.c.) was

added. The reaction Mixture was allowed to stand at room

temperuture for 24 hours. The reaction mixture was poured

into water (5c.c:.) and saturated sodium bicarbonate solution

Has added and shaken properly. It was extracted with

chLorof orm, The chloroform extract was treated with

dilute: hydrochloric acid to remove pyridine. The

chloroform was evaporated after drying with anhydrous

sodiuM sulphate.

eVen though, from the t.l.c. plnte, the product of

ac ct y l at Lon has the same Rf value with the starting material,

"
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the spectral propertiEs confirmed the acety12tion. After

i501 c tion and ;)urification on C\ column of silica gel, the

°acetylated monomet.by le+ho.r of SR3 had a m s p , 150-151 •
1

t)ppm 2.30 (3H, 5, -CH3); 2.40 (3H, s, -OCOCH3)

3.87 (3H, s, -OCH3); 5.93 (lH, s, proton

at 3-position of v-pyrone), 6.51 (lH, d,

J = 2Hz, aromatic), 6.68 <1H, d , J = 2Hz,

aromatic) •

Treatnent of SRB with ~ethyl iodide and silver oxide
1

in chloroform.

A suspension of SRB1 (100mg; 0.52mM) in chloroform

(20c.c.) was refluxed with silver oxide (200mg; 0.9mM)

and methyl iodide (3c.c., 0.48B) for 10 hours. The mixture

vras filtered. EVaporation of the filtrate left an oily

material which indicated two spots on the t.l.c. plate.

These wcr e separ ated on a column of silica gel. The fast-

moving compound was identified as the C-alkyluted monomethyl-

ether of SRB1, Hhi1e the slqw-moving compound walilthe

d Lrnet hy'l ethe r- of the SRB1• The C-alkylated mono .et.her (5Omg)

had a m.p. 156 - 157°, with part of it melting at 143-144°.
-1 1vmax 1660, ln30cm <-C = 0), 1580, 845cm- (aromatic rings),

1175, 1160, 1130cm-1 (ether linkages).
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5ppm. 2.08 (JE, 5, -CH3) , 2.35 (3H, 5, -CH3)·

3.73 (3H, 5, OCH3), 6.03 (1H, 5, at 3-position of

y-pyrone) 6.35 (lH, s aromatic) and 12.7 (1H, s,,
disappeared with D2O).

A mixture of dry 2,4,6-trihydroxyacetophenone

(6g; 0.036ri), redLstLl Lec acetic anhydride (25cm3; 0.19N)

SYNTHESIS qr 5,7-DIHYDROXY-2-METHYL CHROMONE.
(a) Conversion of 2,4, 6-trihydroxyacetophenone to

5,7-diacetoxy-3-acetyl-2-methylchromone.

and freshly fused sodium acetate (lOg; 0.12~1) was boiled

under reflux in an oil-bath at 18SoC for 8 hours. The

cooled, dark-bro~m reaction mixture was poured unto excess

ice water and left in a refrigerator for 24 hours. The dry

solids thus obtained were taken up in acetone solution
3(100cm ) and ether was added gradually when a dark-brown,

coloured, resinous solid, separated out which was filtered

off. Petroleum ether (b.p. 40-600) was added slowly to the

clear solution. A further small quantity of tarry matter

separated out. The pale yellow solution thus obtained gave

on concentrdtion a product (4.189) as yellow plates and

prisms. The product was purified by passing it through a
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c,-)l1.,r.m of silicu gel. Two products wer e ob t ai.n c.d, The

first co npon en t; (1.69) was i(lentical with compound 135.

oIt h ad d. rn, p , 1 20-1 ? 2' •

r<c(juirt..:d C;S8.82, 11: 4.58}.

-1 -1
\) 1770cm (-OCOCH3), 1G80; 1640cm (-CeO)

miJx

6ppm (CDC13), 2.24 - 2.50 (six -OCOCH3 and two-CH3)

6.46 ( ru , d , J •• 2Hz, aromatic), 6.62 (111, d ,

J EO 2Hz, aromatic), 6.80 t iu, d , J •• 2Hz, aromatic),

7 •.10 (lU, d , J -= 2Hz, aromatic).

The second component from the column corresponded to

:-, ;-<lL'lcetoxy- 3-acetyl-2-f.1tthylchrCiJnone (39);1

~"9 300 1 . 8 3 . 9 13 ClL -1. , ~t. ,12 - 1.rn , ~) •

,-('0 -1 ( ~ I'"i·..J ,; c m -\....=_-, -1arol-:1dtic~), 1175, 1130 and 1070cm

(c,Lhcr linka9t~), 8eD and 825cm-1 (substitut(:d az-om at.Lc

rlngs).

6~:-\: 'H' •• ') ')c; ( 3l! , s -CH 3) , 2~30 (6H, s, -CC0CH , -C0C!t3 )c; ••..... ~ ,
3

2.48 ( 3H, 5, -OCOCI-1
3
), 6.76 ( 11-1, d- J ::: 2Hz, aromatic) ,,

7.12 (111, d, J ::: 2Hz) •

(b) Hydrolysis of 5z7-~iacetoxy-3-acetyl-2-methylchromone.

5, 7-Diacetoxy- 3-,acetyl-2-mcthylchrornonc (2.59; O. OOSI-i)

Lulled with dilute hydrochloric acid (40cm3; part of

\..ri1tcr to t.wo parts of acid) for thirty minutes. Th.;:' product
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that separated out was purified by recrystallization
ofrom acetone-pet. ether (b.p. 40-60 ) when it gave 3-

acetyl-5,7-dihydroxy-2-methylchromone (2g) as yellow

prisms; m.p. 250-2510, lit.84, 250-251°.
-1 -1Vmax 1660, 1630cm (-C=O), 1600cm (-CcC-, aromatics),

-11160, 1130, and 1070cm (ether linkage), 940,
-1845cm (substituted aromatic rings).

(c) Conversion of 3-acetyl-5,7-dihydroxy-2-methylchromone
to 5,7-dihydroxy-2-mcthylchromone.

The 3-acetyl derivative (1.5g; 0.0064M) was digested
3in aaueous sodium carbonate solution (20cm , 10%) by

boil'ng under reflux for 2 hrs. Acidification of the cooled

reaction mixture gave 5, 7-dihydroxy-2-methylchromone (lg),

which appeared as colourless plates and needles after
opassing it through a column of silica gel; m.p. 280-282 ,

lit. value84, 281-2820C.

+ -1M m/e 192. V 1660, 1630cm (-C=O),max
-1 -11600cm (-C=C-, aromatic), 1070, 1020cm (ether

linkage), 850 and 820cm-1 (subGtituted atomatic

ring).
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Acetylation of SRB4•

and acetic

(60mg; 0.2mH) was dissolved in pyridine (lcm3)
3anhydride (lcm ) added. The reaction mixture

was 1 eft for 40 hours. The t .l.c. plate indicated three

components, a fast-moving component, a slow-moving component

and the third component has Rf value close to that of

the starting material. Methanol (15cm3) was added to

the re~ction mixture to destroy the acetic anhydride.

The methanol was comp'l et el.y removed on the water-bath.

Dilute hydrochloric acid was added to the material left

behind and extracted into chloroform. The chloroform

extract was dried with anhydrous magnesium sulphate and

evaporated. The mixture was separated on a column of

silica gel. Because of the close Rf values, separation

was difficult. The fast-moving component (8mg) came

Gown as a mixture (that is t with a littl e of the diacetate).
oThe diacetate of SRB4 was obtained pure (30mg), m.p. 217-219 C.

-1 -1
Vmax 31S0cm (-N-H), 17S0cm (-OCOCH3)'

1660, 1630cm-1 (-C=O), 1600, 850, and 750cm-1

(substituted aromatic rings).

5ppm , 2.05 (3H, s , -OCOCH 3); 2.32 (3H , s , -CH 3); 2. 36 (3H,

s, -OCOCH3); 3 - 3.8 (6H, m, methylene and methine);
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6.02 (lH, s, at 3-position of y-pyrone),

6.60 (lH, s , aromatic), 6.93 (lB, d , J - 4Hz,

at the base of an acetoxyl group).

Amide and monoacetate of SRB4

SRB4 (50mg; 0.16mM) was dissolved in acetic acid
3 3(lcm ) followed by the ad0ition of acetic anhydride (lcm )

and p-toluenesulphonic acid (lmg) in catalytic amount. The

reacti0n mixture was left overnight. The reaction mixture

was later transferred into a separating funnel and

treated with water (distilled). After shaking for sometimes,

it wa s basified with sodium bicarbonate And extracted

into chloroform. The chloroform layer was dried with

anhydrous MgS04 and evaporated on a water-bath.

The NMR confirmed it to be the amide of the monoacetate

of SRB4• On passing it through a column of silica gel,

the amide was almost half-converted to the monoacetate,

and when recrystilllized, the whole product was
oconverted to the monoacetate (40mg), r.1.p.153-155 C.

N+ 359 (15%), mle 296 (23%); 295 (85%); 294 (17%);

261 (35%), 243 (16%), 242 (44%), 192 (30%), 100 (9':{,),
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5ppm 2.02 (6H, s , - OCOCH:,>;

2.32 (3H, s , -CH3); 2.8 - 3.7 r sn , m, methylene

and methine); 6.05 (lH, 5, on y-pyrone) 6.24

•

(lH, 5, aromatic); 6.84 (lH, d; J c 4Hz, proton

at the base of acetoxyl group) and 12.5 (1H, s,

Methylation of SRB4

A suspension of SR84 (7Omg; 0.22mM) in chloroform

3(20cm) was refluxed with silver oxide (150mg; 0.65mH)

and methyl iodide (2.5cm3; 0.04M) for 6 hours. The

mixture was filtered and evaporated. The oily material

left behind contained three compounds. The compound recovered

from the column of silica gel which has almost the same Rf

value with the starting material proved to be the

dimethylether. The dimethylether (2Omg) recovered has a

225-2260
•m.p.

oppm 2.30 (3H, 5, -CH3) ; 3-3.8 (6H, mo methylene and methine);,

3.40 (3H, s, - OCH3);

3.90 (3H, 5, -OCH3) ; 5.68 t in , d, J :: 4Hz, at the

basp of a mr-t.ho xy'l group) ;

6.01 (lH, 5, on v-pyrone) and 6.35 (1H, s, aromatic).
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Dehydrogenation of SRB4

A mixture of SRB 4 <105mg; O. 33w1), pall adium on carbon

(10rng) and nitrobpnzpne (5cm3) was placed in a 25ml-round-

bottom(d flask and heated under reflux for 3 hours. The

hot mixture was filtered by suction, and the filtrate

was allowed to cool. The solvent (i.e. nitrobenzene)

wa s removed under reduced pressure. The solid recovered

was passed throu~h a column of silica gel. The needle-like

crystals wpre not soluble in chloroform. The product of
odehydrogenation (20mg), has a M.p. 294-296 e.

1'1+ 295 (100%), m/e 267, 255, 238, 192, 172, 134, 105,

100, 92, 83, and fi9.

-1 -1Vmax 1740cm (-CO); 1660crn (-C=O); 1595crn (-C=C-,
-1aromatic), 1160 ~nd 1165crn (ether linkages)

) _ (innm) (log~) 258 (4.38),265 (4.41),max

269 ( .41), 321 (t:o.06)and 328 (4.07).

Acetyl ltion of the dehyr rogenation product.

Dehydrogenation product (8mg; O.028mM) was dissolved

in nyridine (0.5cm3), followed by the addition of acetic

anhydride (0.Scm3) and was heated at lOOoe for 6 hours. On

coo lLnc t he flask for a f_'''' ·i~'.lCS some white crystals
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separated out from the reaction mixture. The crystals

were collected by filtration. The product of acetyla-

tion (4mg) has a m.p. 285-2870 (subl.). The molecular

ion appeared at M+ 295. This was interpreted to mean

the loss of the acetyl group at such a high temperature.
-1 -1

Vmax 1750cm (-OCOCJI3), 1660crn (-CaO),

-11595cm (-C=C-, aromatic), 1260, 1170,

1110 and -11060cm (ether linkages) and
-1and 835cm (substituted aromatic rings).870, 850

Alkaline hydrolysis of SRB4

SR3
4

(100mg; 0.32mM) was dissolved in a solution
3of potassium hydroxide pellets (lgm) in methanol (20cm ).

The 1 -Lxt ure was r-ef Luxe d for 8 hours. The solvent was

completely removed by evaporation and the residue

acidified with dilute hydrochloric acid. It was then

extracted with chlcroform. The t.l.c. plate showed

one major component and another minor one with a little

of the starting material.

Separation on a column of silica gel afforded a

pure oco pound (22mg); ms p , 273-274 C, and the other

compo r.r-n t , apart from heing too small could not be
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Lderrt Lc el ,,,i'.:h no r euc on i.n hus U,p IT.u}· cu lar ion, n" i1S 192 .•

-1 -1
1GGO, 1620cm (-C=O), 1 HiScr,1 «,llv.:r linkacc) "

\lm2x J

15"'0 -1 ( C ~ '-' )• cm - ==\""-, "'rOM"L~C •

3
SRB

3
(S0mg; 0 .•15rnM) WLIS dissolved in pyridine (lcm )

3
and acetic anhyclride (1cm ) VIas ad d od , The reaction

after ;:>4 hours Has n t complete (t.l.c.). It was then

al.Lovrcd to stand for ano the r 24 hours, after which the

reaction was corap l c t e (t .l.e.) •

3I~ethunol (15cm ) was add od to t Ie! reaction mixture

to destroy the ac et Lc ('\nhydridc>. The methanol was distilled

off corr:plf t: el y on a \Jatc'r-bath. Dilute hydr:ochloric acid

was Llddl~ to the naterirll left h~hjnd fnd extracted with

ch l.or o to ra, Th~~ ch Lor c f c rrn e x+r ac t; \'Jas dried with a. hydrous

VgSC4. Lv(lpor~Jtion of the chJ or of'o rre 1 r-f t; a produce, which

solidified on ~;Lmding for C\ fell .iou r s , Purification on

a cc Lurnn of silica gel yielded ;~ d.i ac ct at e of SRB3,

m .•p.

V
T1

<J.X 1750cm-1 (-OCOCH
3
), 1660 and 1620cm -1 (-C=O)

5ppm 2.01 ( 3:{ , s, -OCCCH3) , 2.38 ( 311, s, -CH
3
) ,

2.40 ( 3H, s, -uCOClI.,), 2.95 ( 3H, s, -N-CH i,
.J 3

3 - 3.2 (6H, In, methylene and me+h i.nc ) ,
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6.06 (lIi, s, on y-pyronC>, 6.53 r iu, s, aromatic),

6.95 (lH, d, J = 4Hz at the base of an acetoxyl group).

Hethylation of SRB3

A solution of SRB3 (SOmg; 0.15mM) in chloroform (20cm3)

Was shaken v Lqoz'ousLy w.i th silver oxide (lOOmg; 0.43mM)

and methyl iomide (2cm3; 0.032m) for 1 hour. Two further

additions of silver oxide (sOrng) and methyl iOdide (lcm3)

Here made at intervals of one hour and shaking continued

but the reaction was not complete.

The reaction mixture was transferred to the water-bath

and refluxed for 5 hours. The mixture was filtered and

ev apo rated , An oily material was recovered wh Lch was

passed through a column of silica gel for purification.

The oily diethcr (27mg) of SRB3, which later crystallized
ohad a m.p. 169-172 •

6ppm 2.35 (31-1, s, -CH3); 2.93 (3H, s, -N-CH3);

3.48 (3H, s, -OCH3); 3.93 (3H, s, - OCH3);

3 - 3.8 (61l, m, methylene and met.hd ne l ;

5.74 (lH, d; J = 4Hz, at the base of a methoxyl group);

6.05 (lH, s, on v-pyrone) 6.40 (lH, s, aromatic).
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., ':~ne hydrolysis of SRB3

SRB3 (60mg; 0.18mN) W<"1S dissolved in a solution of
3potassium hydroxide pellets (O.5g) in methanol (10cm ).

The raLxt.u re was refluxed for 8 hours.

The solvent was completely removed by evaporation

and the residue acidified with dilute hydrochloric acid.

It was then extracted with chloroform. The t.l.c. plate

showed that the reaction was complete but the other fragment

containing nitrogen remained in the aqueous acidic layer.

Purification of the recovered material gave a compound

(10mg) which was identice.l with noreugenin, with m.p.

265-267oC (decomp.) (recryst. from MeOH/CHCl3).
-1 -1Vmax 1660 and 1620cm (-C=O), 1560, 1500cm

-1(s'.lbstitutedbenzene ring) t' 1165cm (ether

linkage) •

). (nrn), 214, 228, 251, 257, 295 and 325.
"m ax

oppm. 2.27 (3H, s, -CH3) , 6.08 (1H, 5, on y-pyrone)

6.18 (1H, d, J = 2Hz, aromatic) ;

6.28 (1H, d, J = 2Hz, aromatic) and

12.7 (1H, s, disappeared with D2O).
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lJelly(1ration of SR8
3
•

SRB3 (30mgj 0.09rnM) was dissolved in dry benzene

(15cru
3

). p-Toluenesulphonic acid (8mg; 0.042nlfotl)Was

added and the mixture r~fluxed for 10 hours (follOWed

up with t.l.c. pL:lte). The reaction waS not complete

after 10 hours. The reaction mixture was allowed to

cool, when further attempt to improve it failed. It

wc s washed \-lith saturated sodium bicarbonate solution,

wJ.ter, and drind "'lith anhydrous magnesium sulphate.

I::;vCiporation of benzene und~r reduced pressure save an

h1pure product (lDme;). Since seper at Lon could not be

,fflOcted no good [);H.~ch::n Could be obtained.

i\TTCNPTED SYNTHESIS OF THE DEHYDROGENATION PRODUCT

( ;:~) Acyl atioll of 5 t 7-dihY'froxY-2-mE.:thylchrO~
with nicotinyl chloride.

1
In R 100em two-necked flask fitted wjth a

l\lc:l:anical st~_rr(~= i":1d i4 dropping funnel \",25 pluCE...d

ni.co t Ln i,c .oteict (;"2.'30; O. 02M). The stirrer was start eel

~jnrl redistilled thionyl chloride (10.5cm3, or 16.69;

0•.14r.1) ~13S added ill a slow stream over a period of

15min. After the dddition was complete, the dropping

~:t<llrl,-_l WdS replacul \!ith a reflux condenser protected
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on t :ll. sL:.!anl-b"th lrlith CUiltinu()us stirring for 1 hour ,

Th\.cll till: r.:~flux condenser- WCJS r ep'l ac ed by one SC!t for

dOH!1\"..:lrddistillation and the ex(;ess thionyl chloride

w~s renoved Ly distilldtion dt reduced pressure as

heating on the steam-buth wc.s continued. After most

of the thionyl chloride has been distill~dt 5,7-dihy~roxy-

2-metllylchromone (29; 0.01H) was introduced. The flask

\lJi1~; fitted Hith a reflux condenser and placed in an ice-

suI t b at h , The stirrer was started and anhydrous

clurr,illium chloride (6.68g; O.OSmole) was added in portions

CV·'I.' '-' periOd of 30 mins. Th:=::ice-bath was rernoved

"l:J ~h,,: flask was allowed to warn- to r-o om-vt; emperdture

;:1(1 \;:,~ finally heat cd under r,~flu;: f or 6 hours.

'l'h(~dark-bny,'lin reaction mixture Has cautiously
~ • • r

3"c.t': {d into a mixture of iCL/ccdle. Hel (40c} r, ). The-

',ll~Ciline. Thf> orgi)llic m.'.teri3l WClS ext.l.-acted Lnt c

chloroform. Th.> chloroform extract was washed wit:. \J.',CL:L

•
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and dried \-Jithanhydrous r--igSO4. The chloroform was.

removed by di.stLlLati.on on a "later-bath. The product

proved to be the starting material in all respects

(t.l.c., m.pt. and infrared spectra).

(b) PrepdrAtlon of oxalyl chloride

Powdered anhydrous oxalic ncid (4.5g; O.OSM) and

phosphorus pentachloride (20.8g; 0.1M) were Mixed together

properly while cooling in an ice-bath continued. Then

the ice-bath was removed and allowed to •..rarm up at room

tempE·rature. It was left for 24 hours at room temperature.

At tlis time the reaction mixture has turned to a liquid.

It was then fractionally distilled' and the fraction

that carne out bc twecn 600 and 1000C was collected. The

f raccLc-n collected was fractional distilled again and the

f r act Lon that boiled b etwoon 63 - 6SoC, lit.8,9 63.S - 640C,

was collected. The yield of the oxalyl chloride was 3g.

( .' ..., 3)a , c. ,.cm •

Preparation of nicotinic anhydride by the reaction
of oxalyl chloride with potassium nicotinate.

To a suspension of potassium nicotinate (1.29g; 0.008M)

t"hich had been ground into fine particles and dried at 13So,

in anhyc rou s benzene (Scm 3) was added with mechanical
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~;1..!.'.'in() "lil1 cu()ling.in <\11Lc c=b uth , ox al y'l cht o r Lo c

(0..S(j; C.OU'1L) in (ulhyrjt,,!uS b en z cn e (Jcrn3) dllriny

15 liliIJ!':. and t.he ;:::uspt:;n~ion st Lr r on at room t.emp c.r-atu r e

fc.l (:'1.0 hour; t.h ; n at; the rcfluxing temperature for

.i..o t he,!: 1 hour, It WdS filtered hot. The filtrate

'.::i l.: .ou t further conc entr atj on was left at room temperature

, !Ll.L.!.ll<j v:!wn thl: .::nhydride crystallized out, anu latt-"'1.-f11tere4

om.p. 120-121 ,to give nL:(,,':i;lic ,mhydride (30Omg) j,

( it; 9p 4 ', •.•• 5 4,., 3 5° 1 it 88 123 1260 )ll..~. ..l .. ~. _ 1(.. •• ; • _ ••

A~~l ILion 0f ~,7-dimethoxy-2-methylch-omone
\:i :.!-! ,ieo tinic Qahydrice.

-~
11, c 1GOcrn' lWO-!1<-":ck'o>d flask fittE!d \'IIith a

:, ·'C!l,.n iCeJ :·~,tir'r'L.l :.!·lu .'l dropplng funnel \.•<35 plac'. d c-

"~' ,-. stupp'.r. Th c f Lc sk We'S allollled to remcli" in tilL

i ..;c-bath for iU10Lher 30 ni.ns , , then the'ice-belth Wi.J.S removl":d
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, .!l'! t:1C~ £1,15k Wi.lS d]] owod to warm to room tempt. ':'he

fldsk was finally heated at 60°C for 5 hours.

The durk-brovm reaction mixture was cautiously poured

(Jut" (l mixture of iCe and conc. HCl. The compound was

extracted into chloroform. Hemoval of the chloroform

en a wat er=b at h left behind liquid product which gave fine

vrh.i t e crystals when cooled. The crystals were filtered

( ° ) 42°.off eJlld p.t·opt:!rly dried. The product 2 mg • has a m s p ,

Th2 molecular ion was given as M+ 236.

-1 -1vm~x 3~OOcm (-OH), 1660, 1620cm (carbonyl);
_.1

1580Cl7\~ (-C=C-, i:irom-.ltic); 1160, 1120 and

10,)Oc.r:l-1(ether linkages).

k) SYI,i~J I/:.,SIS OF 4-flYDROXYrJICOTIfJIC ACID.

of 3-methyl-4-nitropyridine-l_oxlde

. 31.·,-j.-ox~de(80cm , 30';0 wa s add ed to

" t.;j!.red solution of 3--lI!cthylpyrid:Lne (50.]; O.54l'-J) in

.~_l,ciul t- - (50 3dC~ lC aCld ~ ~m; 2.6M) during 30min; the tempt •

being kept h, .101."1 10°. ':,ftE:J:' heing heated r.t 70° for

2:~ !,,-.UL~", t~"\(- sol ution was ev Cli-'orated under reduced

J'r~~sur~. The ~esulting pdle yellow viscous oil was cooled

J;.. J.o·,,; SO ,Ind a m.i.xt u.rs- cf coned • H
2
S0

4
(158cm3) and

. 3
conco , n1 t r Lc i':Icid (124clll ) was added dropwise \..rith vi,~orous
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stlrrin~. ~ftpr b. ing heated cdutiously to 100-105
0

for

.~ hr s , t the mixture was poured on cru ahv.d ice und t.he. pH

~xcr.,lL:tcd \/ith hot dcctone. This ext r-act; was combined

-ilh n1db..:rial obtained by extracting the filtrate with
I

chlo!::)form. After removal of sol vents una er reduced

pr essur e the product was crystallized from acetone/CHC13-

TL-=yi(:1d of 3_methy1-4-nitropyridine-1-oxide, msp , 135-

o 92 0137 () it. value ; -:"36-138 ) twas 12g.

( i1) Preparatj on of 4-chloronicotinic acid.

3_t,:ethyl-4-nitroryridine-1-oxicte (25g; O.18}1) was

di::'s<.lvcd in cn'lozof ,.. n. (SOOcm3)and the solution was

~.~u~uted with dry }~l ilt room tempt. Phosphorus trichloride
...

( l"crn"; ().-16y-J) \..]':i:"; ',d<!ed dropVlise to t.he stirred soLu tLon

( , 0 o \c'.'c. I_~ C J •

"G' m t'~f'I['t., r eact i oi. \'/:'S :intiated by c.).utious war.ill';)

<iI, 1 steam-b3t:~. The: reaction then proceeded without

Lt.""t ':'ng iY'ld H,::$ mocor at.ed as nec es se.ry by cool in-:'1. Hhcn

tb: !,.'C',lclion subsided th"" mixture VIasheated under reflux

+'c'l..' 30mins. arid then cvapur<:It.'d under reduced pressure.

TJ',c l:E..sidue was di~,s()lvcd in iced water (400cm
3
) arid after
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the addition of an excess of saturated aqueous sodium

carbonet;e the solution was steam-<1istilled giving

4-chloropicoline (16cm3; 18.5g; d;1.16g/c.c.).

This wa s dispersed in water (250cm
3
) and potassium

permanganate (59.5g; 0.38N) was added. The stirred

mixture vras heated at 80_900 for 4hrs. and then steam-

distilled to remove any unchanged chloropicoline. The

precipitated manganese dioxide was filtered off, and

wash ed well with hot water. After the filtrate had been
3

concentrated to about 50cm , the pH was adjusted to 3

\Ji th coricd , Hel. The precipitated 4-chloronk:otlnic

acid was quickly filtered off and pr es s.ed as dryas

possi ]e before being washed with acetone (3x 30cm
3
) and

then \"lith dry ether. The yield was 12g. A specimen

of t:1C acid was pur LfLed by dissolution in theoretic al

ar;.O"clntof !I-sodium hydroxide solution and reprecipitation

by SlOhl addition of a 1 equivCllent of dilute uci , The acid

form0d ~rismatic needles. decomp. 174-176
0

lit.
93

m.p.

1 2_163°, lit.94 1640).
_1 . -1 -1

\) 3220cT'1- (-OH), 1725cm and 1630cm <-CcO).
max
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(jji) Prepdration of 4-hy~roxynicotinic acid.

4-ch10ron1cotinic acid (3g; 0.019M) vns h~ated for

3l11r. in water (60cm ) _ After ad ju.it Lnq the pH of the

solution to 4 with NaOH, evaporation to half bulk and

cooljng afforded the hydroxyl acid (2.2g), m.p. 249-250°.

(Lit.91, m.p. 250°), 2600 (decamp.).

The molecular ion, t-'l+ was given as 139 whL:h w •. s in

asre('ment with the expected molecular ion.

v : 3250cm-1, 3100cm-1 (-OH), 1750cm-1 and 1700 cm~lmax

(c=O).

:'licotinamide (25g; 0.2051-1) was mixed with pho sphozu s

lJr::nl:c,xide (30g; 0.21ft> in a 250£.11round-bottomed flask.

Thr-..f L ask wns immersed in un eil-bath and the content

(:i ...:t.il10d under rt:.duced pressure of about 20mm. The

°l.:cPl1·'(~:C~Atureof the oil-ba.th wa s raised rap Ld l.y to 280 c.

The nitrile crystallized on cooling to a snow-white solid.

'rh:1.s gi:J.V'~ pure needle-like crystals (159) from a mixture

of chloroform and 'pet. ether (40_60°>, m sp , 49-500
J( lit.97,

49°, lit. 99, 50_51° ).
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Preparation of Anhydous Zinc Chloride.

Finely ground zinc chloride hydrate or the

wet -inhydou s zinc chloride (20g) was put into a

round-bottomed flask, and freshly distilled thionyl

3 100chloride (Seem, ca 0.64H) \oJas added at room temperature.

Evolution of sulphur dioxide and hydr oqen chloride

began at once. After the evolution, the slurry was
refluxed for 2 hours and distilled. The excess thionyl

chLor Ldc was removed under reduced pressure. The

solid left behind was transferred immediately to a

vaCUUr.1desiccator containing pot as sf.um hydroxide and

stor~d for 18 hours to removed the remaining thionyl

chz.or Loc, The anhydrous zinc chloride (15g) was pure

and CL-y encuqh for any synthetic work.

Synthesis of 2,4,6-trihydroxynicotinophenone.

A mixture of well-dried phloroglucinol (2.52; 0.02M),

n.i.co t LnonLt r-Ll e or f!-cYilnopyridine (4.16; O.04M),

finely i1o\Jdered f r esh'l y fused zinc chloride (1g) in
':>

1,2-t:'ir.1cthoxyethanc (20cm~) ",'as put. in a 25OrnI-flask.

The f:ask was cooled in an ice-salt mixture and shaken

occ ar.I onal Ly while a rapid stream of dry hydrogen chloride
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in a rLfri~erator for three day=.

The bulky orange-yellow precipitate of the ketimine

hydrochloride was separated by decanting the solvent. The

solid \V~.S t r-ansf err cd to 3 250r1l r ound=bo t t.oru-d flask Hith

Ih '""

hou:- •

t.hc s""'l..L':":" ','ILiS boileu f or; ,11.,·,t~. r .c:.ve rrLnut cs <1.d

t wc 1(,c]

.\~t L r st ai ..:iln<; OVI'lTd ,,',t, ~f' 11 r'~J prisms of 2, t ,6-

b.::!. 1~'dr0yynlc(.tinophE.;no:1c: (Jg) " !:':. obtained. The ~).:()c!uct

on recrystalli=ation by di~solvi~9 in dilute sodium

hyc:r xic'e, (,nd i.'\cidi::'ying to a pl l of 3.0 gave pure

IR: ,. '"' -1V. ?,'~5liCi1
max

""-:>0 -1 ( ('I').:), .J em - '. ,

T· ,. 2 0 "I A
O17::" ac...::'l. :::t., ; rn. t-> • .1 - "-11. •

I:i"R 0f t rL !~, t. .;.Jtf·~: 5p!)rQ 1. Q? (CB, u, two-oecer! ~) ,
.J

" -OCC'CH..., G.:;7 (2i!, s , az-om, tics) , 7.38,
.)

7.03, 8.67 and 8.88 Lf ou r 1"Y1.il1inoprot.ons L,
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